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INTRODUCTION 


This  report  presents  the  results  of  a  twenty-one-month  study  of  the 
relationship  between  opacity  and  mass  emissions  at  the  forging  areas  of  large 
caliber  metal  parts  facilities.  The  major  effort  of  the  study  was  to  perform 
a  technical  evaluation  of  the  uncontrolled  exhaust  at  the  Erie  press  line  at 
the  Scranton  Army  Ammunition  Plant  (SAAP)  operated  by  Chamberlain  Manufactur¬ 
ing  Corporation  in  Scranton,  Pennsylvania.  Technical  evaluation  consisted  of 
performing  numerous  particulate  emission  tests,  concurrent  with  the  operation: 
of  a  transmi ssometer,  as  well  as  analyzing  process  operating  conditions.  To 
evaluate  emission  and  process  characteristics  at  different  forging  facilities, 
two  additional  forge  shops  were  visited.  Particulate  emission  and  opacity 
tests  were  performed  at  the  forging  facility  of  Flinchbaugh  Products,  Inc., in 
Red  Lion,  Pennsylvania,  while  process  and  opacity  observations  were  recorded 
at  the  forge  shop  of  Chamberlain  Manufacturing  Corp.  in  New  Bedford,  Massa¬ 
chusetts.  These  additional  plant  inspections  provided  a  basis  for  evaluating 
emission  characteri sties  between  forge  shops. 

Since  the  emissions  from  the  forging  operations,  which  JACA  observed, 
did  not  exhaust  to  particulate  control  devices  before  entering  the  atmosphere, 
it  was  not  apparent  that  a  correlation  between  opacity  and  particle  concen¬ 
tration  would  exist.  Several  studies  at  industrial  facilities  such  as  power 
plants,  cement  kilns,  and  asphalt  plants  showed  that  a  reliable  correlation 
between  opacity  and  particle  concentration  did  exist  [1,2,3].  However,  these 
studies  were  conducted  on  controlled  exhaust  streams,  following  a  control 
device.  After  the  control  device,  the  exhaust  characteristics  (especially 
particle  size  distribution)  are  likely  to  be  much  more  uniform  than  an 
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uncontrol  led  exhaust  stream.  Varying  exhaust  characteri sties  were  ttiought  to 
be  the  limiting  factors  in  this  study.  Indeed,  because  of  the  possibility  of 
excessive  variability  of  forge  shop  exhausts,  the  primary  purpose  of  this 
study  was  to  determine  if  an  empirical  relat ionsbip  between  opacity  and  par¬ 
ticulate  mass  concentration  could  be  established.  The  study  was  to  describe 
tiiis  relationship  for  the  purpose  of  estimating  particulate  mass  emissions 
from  opacity  data  recorded  at  similar  forging  operations. 

BACKGROUND 

A  brief  description  of  the  forging  process  is  warranted  to  obtain  a 
basic  understanding  of  the  mechanism  by  which  emissions  are  generated. 
Although  there  are  similarities  among  the  forging  operations  that  JACA 
observed,  there  are  also  striking  differences  which  affect  the  emission  char¬ 
acteristics,  and  thus  the  reliability  of  the  mass  emission/opacity  relation¬ 
ship.  It  is  not  the  intention  of  this  section  of  the  report  to  evaluate 
process  variations  relative  to  observed  emission  characteristics,  but  rather 
to  provide  an  overview  of  the  forging  process  and  insight  to  the  limitations 
of  the  mass  emiss iori/opac  i  ty  relationship. 

The  three  forging  operations  that  were  observed  manufacture  large 
caliber  shells  for  the  United  States  Army.  These  shells  may  have  diameters 
of  ]  bb  mm,  17b  mm,  or  approximately  200  mm.  The  forging  presses  are  charac¬ 
terised  as  closed  die-type,  where  heated,  pre-cut  steel  billets  are  formed 
to  tiie  desired  shape  through  sequential  mechanical  operations. 

The  Erie  press  line  at  the  SAAP  is  a  three-step  process  consisting  of 
preforming,  piercing,  and  drawing  operations.  Preforming  and  piercing  use  a 
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punch  and  die  arrangement  to  form  a  cavity  in  the  hot  steel  billet  (approxi¬ 
mately  2,200°  F)  and  to  shape  the  steel  according  to  the  dimensions  of  the 
die.  The  solid  punch  is  forced  into  the  metal  which  is  placed  iri  a  closed, 
cylindrical  die  cavity.  This  process  produces  a  cavity  in  the  steel  billet 
by  displacement  without  removal  of  the  metal;  in  addition,  the  metal  takes 
the  form  of  the  die  cavity.  Preforming  and  piercing  are  essentially  the  same 
type  of  operations  except  that  the  punches  which  are  used  for  each  are  shaped 
differently.  The  preforming  punch  has  a  blunt  end,  while  the  piercing  punch 
is  elongated  and  comes  more  to  a  point.  The  drawing  operation  is  the  last 
phase  of  the  shell  forging  process.  In  this  operation,  the  partially  formed 
shell  is  forced  through  a  series  of  rings  by  the  drawing  punch.  This  procedure' 
elongates  or  draws  the  shell  as  it  passes  through  the  rings. 

The  Erie  press  line  at  the  SAAP  is  totally  automated,  in  that  the 
shells  are  automatically  moved  from  one  process  phase  to  the  next.  In 
addition,  lubricating  oil  is  automatically  applied  to  the  punches  and  the 
die  cavities.  Only  one  person  is  required  to  operate  the  Erie  press  line. 

In  contrast  to  the  Erie  press  line,  the  forging  process  at  Flinchbaugh 
Products,  Inc.  requires  7  or  8  people  to  operate.  The  Flinchbaugh  forging 
process  also  consists  of  three  steps:  descaling,  preforming  and  extrusion, 
and  drawing.  However,  the  process  is  different  than  the  Erie  press  at  the 
SAAP,  because  the  shell  must  be  manually  moved  with  manipulators  from  one 
process  step  to  the  next  and  lubricating  oil  is  manually  swabbed  on  the  punch 
and  die  cavity.  The  manual  nature  of  the  Flinchbaugh  shop  limits  production 
to  approximately  60  shells  per  hour,  while  the  SAAP  Erie  press  line  produces 
about  120  shells  per  hour.  There  are  other  differences  between  the  Erie 
press  line  at  the  SAAP  and  the  Flinchbaugh  press  line,  but  they  will  not  be 
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discussed  at  this  point. 


Aerosols  are  generated  during  the  forging  process  because  of  the 
lubricating  oils  winch  are  used  to  prevent  the  hot  metal  from  adhering  to  the 
punch  and  die  cavity.  The  punch  is  coated  with  lubricating  oil  by  simply 
dipping  the  punch  in  an  oil  reservoir  (dip  tank)  or  manually  swabbing  the 
punch  with  oil.  The  die  cavity  is  lubricated  by  automatic  injection  of  oil 
through  the  sides  of  the  die  cavity  or  by  manual  swabbing.  The  punch  and 
die  arrangement  is  lubricated  prior  to  each  billet  entering  the  die  cavity, 
hnen  the  lubricating  oil  in  the  die  cavity  and  on  the  punch  contacts  the  hot 
billet,  a  dense  cloud  of  fumes  results.  This  is  often  accompanied  by  intense 
flaii.es  at  the  die  cavity  and  residual  burning  of  oil  on  the  punch.  It  is 
assumed  that  much  of  the  oil  vaporizes  on  contact,  and  subsequently  condenses 
when  drawn  off  by  the  exhaust  fan.  Since  the  lubricating  oil  contains 
substantial  quantities  of  graphite  (25  to  30%  or  more),  the  aerosol  obviously 
contains  graphite  particles.  In  addition,  it  is  likely  that  particles  are 
formed  through  the  thermal  decomposition  of  the  oil.  Basically,  the  aerosol 
generated  by  the  forging  process  may  be  characterized  as  a  mixture,  primarily 
solid  particles  dispersed  with  oil  droplets. 

An  additional  characteristic  of  the  forging  emissions  is  that  they  vary 
temporally,  because  of  the  cyclic  nature  of  the  process.  Forging  emissions 
are  not  continuous,  but  are  rather  erratic,  increasing  and  decreasing  in  both 
intensity  and  duration  throughout  the  forging  cycle.  The  temporal  fluctuation 
is  short  term  (with  peaks  occurring  every  45  to  90  seconds)  and  regular,  as 
long  as  the  presses  are  operating  properly.  Emission  peaks  occur  at  each 
process  step  when  the  punch  and  oil  come  in  contact  with  the  hot  metal.  The 
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emissions  decrease  and  subside  when  an  individual  step  is  complete.  Because 
there  is  more  than  one  shell  being  processed  at  any  one  time,  the  resulting 
emissions  are  a  mixture  of  particulates  from  the  various  forging  steps.  At 
each  process  step,  the  steel  temperature  and  oil  mixture  may  be  different  so 
that  the  resulting  particulate  emissions  vary  among  steps  and  combine  in  the 
exhaust  stack. 

From  this  brief  discussion,  it  is  obvious  that  there  are  numerous 
parameters  associated  with  the  forging  process  which  may  affect  the  emissions 
at  an  individual  forge  shop  and  may  cause  emissions  to  differ  between  forge 
shops.  These  parameters  include: 

•  Shell  production  rate 

•  Steel  temperature 

0  Type  of  lubricating  oil 

•  Qualityof  lubricating  oil 

0  Quantity  of  oil  used 

0  Method  of  oil  application 

While  the  process  variations  may  affect  emission  character i st ics ,  a  detailed 
analysis  of  the  relationship  was  not  undertaken.  Only  shell  production  rates 
could  be  determined  during  the  testing  phase  of  this  study.  Information 
relative  to  oil  quality  and  usage,  and  steel  temperatures  was  neither  availabl 
nor  routinely  recorded  at  the  plants.  For  this  reason,  it  was  not  possible 
to  adequately  evaluate  process  conditions  relative  to  emission  characteris¬ 
tics.  The  remainder  of  this  report  will  present  the  results  of  JACA's 
testing  program  and  will  not  discuss  specifics  of  the  forging  process. 


STUDY  METHODOLOGY 


The  major  emphasis  of  this  study  was  to  determine  the  relationship 
between  opacity  and  particle  mass  concentration  at  the  uncontrolled  exhaust 
of  the  trie  press  line  at  the  forge  shop  of  the  SAAP.  This  was  done  through 
numerous  field  tests  of  both  opacity  and  mass  emissions.  It  was  established 
early  in  the  project  that,  of  the  six  press  lines  at  the  SAAP,  the  Erie  press 
lint.'  was  most  accessible  and  convenient  for  testing,  and  that  it  would  be 
operating  during  JACA's  testing  program. 

After  the  initial  testing  phase  at  the  SAAP,  it  was  decided  ttiat  other 
forgo  shops  should  be  visited  to  evaluate  emission  character i st ics  relative 
to  those  at  the  SAAP.  ! 1 inchbaugh  Products,  Inc.  in  Red  Lion,  Pennsylvania 
permitted  JACA  to  perform  particulate  emission  and  opacity  tests  at  their 
facility,  because  they  were  in  need  of  the  test  information.  JACA  also 
inspected  the  forge  shop  of  Chamberlain  Manuf acturing  Corp.  in  New  Bedford, 
Massachusetts,  but  no  particulate  emission  tests  were  performed  at  this 
facility.  The  New  Bedford  forge  shop  will  only  be  discussed  in  general 
terms,  since  no  particulate  emission  tests  were  conducted . 


Testing  Procedures 


A  total  of  fifty-seven  particle  mass  emission  tests  were  conducted 
during  the  study  period.  For  all  but  two  of  these  particulate  test  runs, 
opacity  data  was  recorded  during  the  entire  test  period. 

JaCA's  initial  assessment  of  the  exhaust  of  the  Erie  press  line  at  the 
SAAP  consisted  of  four  tPA  Method  5  test  runs  and  two  particle  sizing  tests 


-6- 


using  a  Brinks  impactor.  Opacities  were  recorded  by  a  certified  observer 
for  all  but  two  of  the  six  test  runs.  Subsequent  to  the  initial  assessment, 
stack  opacities  were  monitored  with  a  single-pass  transmissometer  (Uatatest 
Corp.,  Model  90A) . 

Forty-five  particulate  emission  tests  were  conducted  at  the  Erie  press 
line  of  the  SAAP,  while  twelve  test  runs  were  conducted  at  the  F 1  in<  hbauqli 
forge  shop.  Various  test  methods  were  used  during  this  study  because  data  on 
both  particle  size  distribution  and  total  mass  concentration  were  required. 
The  original  plan  was  to  conduct  all  particulate  tests  in  accordance  with  EPA 
Method  5  testing  procedures  and  that  the  impinger  catch  would  also  be  ana¬ 
lyzed.  However,  after  the  initial  tests  at  the  SAAP  it  was  decided  that  an 
in-stack  filter  assembly  could  be  used  and  the  tests  could  be  conducted  in 
accordance  with  EPA  Method  17  procedures.  It  was  thought  that  more  test  runs 
could  be  conducted  without  compromising  the  test  results.  JACA  did  perform 
two  additional  EPA  Method  5  tests  at  the  Elinchbaugh  forge  shop  to  determine 
the  compliance  status  of  the  facility  relative  to  the  emission  regulations  of 
the  Pennsylvania  Department  of  Environmental  Resources.  The  breakdown  of  the 
number  of  particulate  tests  conducted  and  the  method  and  equipment  used  is  as 
follows : 

•  SAAP  Erie  Press  Line  (Total  of  45  Test  Runs) 

-  Four  tests  per  EPA  Method  5  procedures 

-  Two  particle  sizing  tests  with  a  Brinks  impactor 

-  Nine  particle  sizing  tests  with  a  Gelman  Sciences  7-st.age 
cascade  impactor  (and  preimpactor  stage  and  back-up  filter) 

-  Thirty  tests  per  EPA  Method  17  procedures  using  a  NAPP,  Inc. 
in-stack  filter  assembly 


-7- 


•  Flinchbaugh  Products,  Inc.  Forge  Shop  (Total  of  1?  Test  Runs) 

-  Two  tests  per  EPA  Method  5  procedures 

-  One  particle  sizing  test  with  a  Gleman  Sciences  7-stage 
cascade  impactor  (and  preimpactor  stage  and  back-up  filter) 

-  Nine  tests  per  EPA  Method  17  procedures  using  a  NAPP,  Inc. 
in-stack  filter  assembly. 

Whenever  possible,  the  "front  half"  particulate  catch  and  the  impinger  catch 
were  both  analyzed.  The  impinger  catch  was  analyzed  by  chloroform  and  ether 
extracts  (condensibles)  as  well  as  by  0.2  um  membrane  filtration. 

Test  Ins;  Site 

A  primary  concern  in  this  opacity/mass  emission  study  was  to  choose  a 
sampling  location  where  there  was  an  adequate  length  of  straight  ductwork 
prior  to  the  sampling  ports.  At  both  the  Erie  press  line  and  the  Flinchbaugh 
forge  shop  the  choice  of  sampling  locations  was  limited. 

Figure  1  and  Figure  2  illustrate  the  sampling  locations  at  the  Erie 
press  line  and  the  Flinchbaugh  forge  shop,  respecti vely.  For  the  Erie  press 
line,  the  transmi ssometer  was  located  downstream  from  the  stack  sampling 
ports.  This  was  reversed  for  the  Flinchbaugh  forge  shop.  Both  sampling 
locations  are  upstream  of  the  exhaust  fan.  For  all  test  runs  (except  the  two 
Method  b  tests  at  Flinchbaugh)  only  one  sampling  port  was  used.  The  exhaust 
ducts  were  traversed  parallel  to  the  light  beam  of  the  transmi ssometer  and 
twenty  points  were  sampled  for  each  test  run.  The  samping  duration  was  2,  3, 
or  4  minutes  per  test  point,  depending  on  the  anticipated  grain  loading.  Thus, 
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Scranton,  PA. 


BEND  IN  DUCTWORK 


Fiqure  2.  Sampling  Location  on  the  Verticle  Ductwork  Cominq 
from  the  Forqing  Operation  at  Flinchbauqh  Products, 
Inc. ,  Red  Lion,  PA. 


10- 


test  runs  were  generally  40,  60,  or  80  minutes  long.  However,  the  EPA  Method 
5  tests  at  Flinchbaugh  were  120  minutes  long,  because  two  sampling  ports  were 
used.  In  all  cases,  the  transmissometer  was  operated  over  the  entire  stack 
testing  period. 


PARTICULATE  EMISStON  TEST  RESULTS 


Table  1  and  Table  2  present  the  results  of  the  particulate  emission 
tests  at  the  Erie  press  line  and  the  Flinchbaugh  forge  shop,  respect i vely. 

These  summary  tables  show  consistency  among  the  testing  parameters  at  both 
press  lines.  Ttie  exhaust  character istics  (such  as  flow  rates,  temperature, 
moisture,  and  gas  analysis)  are  consistent  and  dependent  on  ambient  condi¬ 
tions.  The  exhaust  fan  pulls  large  quantities  of  air  through  a  hood  which 
covers  the  entire  forging  process,  so  the  exhaust  is  mostly  ambient  air. 

For  the  purpose  of  this  study,  several  of  the  test  runs  were  invali¬ 
dated  because  of  sampling  or  analysis  problens.  Seven  tests  at  the  Erie 
press  line  were  invalidated.  Five  test  runs  (SAAP  Method  5  # 1,  Method  5  #4, 

IS  #4,  IS  #7,  and  Impactor  "G")  were  discounted  because  the  isokinetic  factor 
was  outside  of  the  acceptable  range  (90  to  110%).  Test  run  SAAP  IS  #12  was 
invalid  because  the  impingers  broke  and  the  impinger  catch  could  not  be  ana¬ 
lyzed.  Test  SAAP  Impactor  "F"  was  discounted  for  total  particulate  concentra¬ 
tion  anaysis  because  the  nozzle  wash  was  spilled.  Only  one  of  the  Flinchbaugh 
tests.  Flinch.  IS  #5,  was  invalidated  because  the  isokinetic  factor  was  outside 
the  acceptable  range.  These  invalid  test  runs,  as  well  as  tests  where  no 
opacity  data  was  available,  were  not  considered  in  subsequent  analysis  of  data. 

The  total  particulate  concentrations  (gr/dscf)  from  both  forginy 
processes  are  quite  low,  considering  the  fact  tiiat  the  exhausts  are  uncon¬ 
trolled.  They  range  from  0.0094  gr/dscf  to  0.0682  gr/dscf  for  the  Erie  press 
line,  and  from  0.0062  gr/dscf  to  0.0089  gr/dscf  for  the  Flinchbaugh  forge 
shop.  Generally  speaking,  the  emissions  from  the  Flinchbaugh  forge  shop  are 
much  lower  than  those  of  the  Erie  press  line  at  the  SAAP,  undoubtedly  because 
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SllHKttV  PART tClilATf 

TESTS  AT 

THE  ERIE  PRESS  LINE 

OF  THE  SCRAMON  MW 

AfWjh  |  T 10? 

i  plan! 

SAAP 

SAAP 

SAAP 

3ATP 

P.S. 

- ~-wsr 

SAAP  P.S. 

Method  S 

Method  S 

Method  5 

(Br inks) 

Method  S 

( Br inks) 

SAAP 

SAAP 

SAAP 

SAAP 

SAA? 

SAAP 

<1 

#? 

#3 

#1 

14 

#7 

IS  PI 

IS  t? 

IS  *3 

15  74 

16  *6 

Imp  "8" 

Test  Oite 

11/14//9 

11/14/79 

11/14/79 

11/15/79 

11/15/79 

11/15/79 

9/2/GO 

9/2/80 

9/3/80 

9/3/80 

9/4/60 

9/4/80 

Production  Rate  { shells/hr) 

I2S.0 

128.0 

11S.0 

115.0 

119.0 

110.0 

121.0 

112.0 

106. 3 

79.2 

117.0 

118.5 

Biometric  Pressure  (In  Hg) 

29.626 

?9.567 

29.610 

29.744 

29.630 

29.533 

29.790 

29.090 

29.520 

29.5  a) 

24.53-3 

29.53J 

Static  Pressure  (in  Hg) 

-0.2/2 

-0.27? 

-0.207 

-0.294 

-0. 339 

-0.309 

-0.125 

-0. 176 

-0.175 

-0. 175 

-0.125 

-0.125 

Absolute  Stack  Pressure  (in  Mg) 

29.354 

29.29S 

29.323 

29.450 

29.321 

29.279 

29.165 

28.956 

29.335 

?9 . 395 

29. AOS 

29. 405 

Stack  Gas  Velocity:  FPS 

79.  *> 

79.29 

81.00 

- 

80.0? 

-- 

83.69 

87. to 

81.64 

87.55 

81 . 59 

e?.?i 

F  PM 

4,765.6 

4,757.1 

4.865.? 

-- 

4,804.1 

-* 

5.071.2 

5.22)  .  3 

4,893.7 

5,252.8 

4,875.2 

4.962.7 

Percent  Moisture 

0.49 

0.58 

0.37 

-- 

0.43 

- 

1.68 

2. 54 

1.40 

1.90 

2.85 

o.ei 

Gas  Flow  Rate:  ACFM 

64, GU 

64,865 

66.335 

- 

65,506 

-- 

68,464.1 

71,219.0 

66.793.8 

71.737.9 

65.746.0 

67, ;/3. 6 

SCFM 

62.0*»4 

62,060 

63.643 

— 

62,400 

-- 

64,494.3 

64.774./ 

64,122.0 

6?.23?.9 

62,400.9 

62,6*)?.  8 

DSCFM 

61,750 

61 , 700 

63,403 

- 

62,132 

- 

63,410.7 

63,155.3 

63,221.3 

60,014.4 

60,595.1 

62,281 .5 

Stack  Temperature  <’  f) 

84.  S 

82.4 

81.4 

78.9 

85.9 

87.2 

100.5 

102.0 

100.0 

93.1 

95.0 

100.0 

Dry  Gas  Volume  Sampled  (dacf) 

SO.  3b 

S0.5S 

52.6 

8.096 

52.0 

12.08 

52.66 

38.00 

44.06 

19.06 

25.55 

61.90 

Sampling  Ouration  (min.) 

60 

60 

60 

90 

60 

90 

60.0 

42.0 

5/ 

26 

<0 

eo 

Std.  Dry  Gjs  Volume  Sampled  ( <J sc f ) 

47.69 

47.64 

49.91 

7.90 

49.  .36 

11.39 

47.64 

33.79 

41 . 95 

17,/g 

23. 6S 

56.4/ 

Isokinetic  Factor 

109 

103 

HI 

— 

111 

-- 

107 

109 

10! 

120 

109 

107 

6ss  Analysis:  CO^ 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0  0 

0.5 

0.5 

°2 

20.3 

20.4 

20.4 

20.3 

20.3 

20.3 

20.47 

20.4/ 

20.4/ 

20.4/ 

20.0? 

20.0’ 

"? 

79.6 

79.6 

79.6 

79.7 

79.7 

79.  7 

79.53 

79.  63 

79.51 

79.53 

79.43 

7  9.43 

CO 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Molecular  Weight  of  Stack  Gas 

23.75 

28.76 

2d.  7a 

-- 

28.77 

-- 

28.64 

2d. ‘  6 

28. 1 7 

28.61 

28.55 

28.  7w 

Particulate  Collected  (Cms); 

k>/ale 

0.0??  J 

0.CPS7 

0.0244 

0.0029 

0.0273 

0.003) 

O.OOW 

0.0)37 

o.o;  3 1 

0.0087 

0.0097 

0.0324- 

Probe 

0.0C36 

0.0006 

0.0073 

0.0039 

0.0064 

O.Cfi9? 

-- 

- 

-- 

- 

-• 

Glassware  (Before  Filter) 

O.G??4 

0.0170 

0.0078 

0.0034 

0.0068 

0.0061 

- 

-- 

-- 

-- 

- 

-- 

Filler 

O.C»4*, 

0.0J4S 

0.0371 

0.0069 

0.0491 

0.0049 

O.OKA 

0.0130 

0.0129 

0.0068 

0.0C36 

0  o?ci4 

Total  Front  half 

0.0749 

0  0759 

0.0671 

0-0221 

0.0341 

0.0726 

0-0771 

0.071? 

0.0390 

0.014S 

0.0183 

0.06  ? 

Insoluble  Impinger* 

-- 

-- 

- 

- 

- 

~ 

0.0006 

0.0007 

0.0016 

O.WC6 

0.001? 

0.001? 

Glassware  (After  Filter) 

-- 

-- 

-- 

— 

- 

0.0007 

0 

0.001 ? 

0.0007 

0 

0 . CC68 

Total  (Including  Insolubles) 

-- 

-- 

-- 

— 

- 

0. 0284 

or;  19 

0.039? 

0.0158 

0.019b 

0-068? 

Condens  ib  l«*s 

0.00°.  3 

0.0021 

0.0009 

0.0049 

- 

0.0005 

0.0016 

0  00b  9 

0 . 00  J  7 

0.00.3? 

0.M56 

Total  (Including  Condens.) 

0.081/ 

0.0779 

0.0680 

- 

0.0890 

- 

0.0289 

0.076S 

0.0451 

0.0)90 

0.0727 

0  074  3 

Particle  Conccntr ations  (gr/dsef): 

Front  Half 

0.0?  4? 

0.0246 

0.0?07 

0.0431 

0.0263 

0.030S 

0.0087 

0.009 7 

0.013? 

0  0126 

00118 

0.0166 

front  Half  ♦  Insolubles 

-- 

-- 

-- 

- 

-- 

0.0092 

0.0100 

0-0141 

0.0137 

0.0:26 

0.01  Gil 

Total  (Including  Condens.) 

OP?  70 

0.0 >5? 

0.0210 

-- 

0.0278 

-- 

0.0094 

0.0121 

O.Gl»9 

O.Ol 66 

0.014/ 

0  020) 

Emission  Rate  (lb/hr): 

Front  H.ttf 

I?.  ST 

13.01 

11.25 

- 

14.01 

-- 

4.7) 

5.25 

7.16 

7.  H 

6  13 

8.  bo 

front  Half  ♦  Insolubles 

-- 

-- 

-- 

-- 

-- 

5.00 

5«1 

7.  HO 

7.7S 

6  M 

10.0? 

Total  (Including  Condens.) 

14.2) 

13.33 

11.41 

-- 

14.80 

-- 

5.11 

6  66 

9.16 

9  H 

7.6) 

10.  P4 

(Coni  tn.K-rl) 
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Table  1 


(Cont  inue-J) 


-  -  1  - 

SaAp' 

S**AP 

"  saaV 

5AV 

Saap 

SAAp 

'  'Sa-p 

SAM 

Saap 

-  5^-  - 

> 

IS  #7 

1  P  "1“ 

IS  *3 

_ IS  49 

__  IS  *10 

_JS  #n  _ 

_  Jt'pJ’O" 

1}  •) ?} 

Imp  "i" 

IS  1 13 

IS_0 

u  «  : 

Test  r.s : •• 

9/5/BJ 

9/ S/60 

9/5/C 

9/5/60 

10/14/80 

10/14/bO 

10/14/80 

10/16/M 

10/15/8J 

10/16/80 

lo/H  :o 

IvVn/.-V 

Production  fi.it e  (sbellv/frrj 

171.5 

11?.  S 

129.0 

105.5 

94. S 

121.5 

115.5 

100.5 

1  i  ? .  6 

91.6 

110.9 

121  5 

6  -1  r  Oil! «» t  r*  i  Pressure  (in  Kg) 

29. 53d 

?9.4:l» 

29.48) 

29.460 

29.5/3 

29-449 

29.469 

?9 . 6Ct> 

29.578 

29.687 

29.6  V 

29  * 

St  at  K  Pi  «•  S\ ,jr e  (  in  6g) 

-O.K" 

-0.163 

-o.i?o 

-0.130 

-0. ?J6 

-0.164 

-0.191 

-0.175 

-0. 147 

-0  14/ 

-0.14* 

>0. 14? 

tosoli.fr*  Stjck  Pi  0 Sv.r a  (  >.n  K*j) 

?9.40> 

29.317 

?9,3;.0 

?9. 370 

29. ?9) 

29. ?96 

29.2/  il 

29. 48! 

21.3  ,1 

29.440 

29.4?: 

29.4/3 

Stack  C ' .  Wlo.  U/  F TS 

80.3? 

8?.  46 

87.0) 

79.97 

8i» .  i’ • 

84 . 3.0 

T4.3fr 

ai.it 

f  ..01 

84. 77 

84.5/ 

£7. M 

f  PH 

4,8!9.«. 

4,c;,*.m 

4, 976.) 

4.781.3 

6,1/4? 

6.C530 

5,061.9 

4,933. 3 

5. 101.fr 

S.C  o.O 

5,0/1  7 

5.2  2.4 

Percent  V.isti.if 

3.1? 

1.05 

2.5 

2.1? 

0.6T 

1.20 

0.48/ 

0.63 

0.6-16 

O.fr'J 

0.63 

0.3- 

Gas  M  +'  ate  .  At*  9 

65.71 1.9 

67,  S/3. 6 

6 ,  1  *.  J .  7 

66,474.7 

70. 6c). « 

69,146.9 

f9,130.4 

6.3, 1 J  ’ .  9 

6J.6M.S 

69.459.6 

69./SV4 

71 ,731  4 

SC  PM 

61,808.4 

63, l?d. ? 

6M/I.7 

60,645.1 

6/.3M.O 

65,1/1.2 

6?,647. 1 

66,015.0 

65, 53fr  8 

65,446.2 

66,66? .  7 

6;. ?6l. 5 

DSCfM 

59, 89’. 4 

62,444.8 

60.8bt . 1 

56,3/1.6 

66,961 . 1 

f 4. 395.7 

67.3?/.  3 

64,6  V.  9 

65,(34.6 

M.  0-6.0 

66,147.3 

63,571.5 

Stack  Ti-i  p^rature  (*  f) 

91.7 

939 

9f>.0 

95.0 

8?.0 

88.6 

90.0 

86.3 

91.1 

90.5 

83.3 

65.6 

fir y  c.as  .*•  -ed  (d'cf } 

2o.4d 

61.?/ 

25.8b 

26.  19 

26  41 

7/.P‘ 

64 . 69 

25.fr 

6/./ 

?6 .  tfr 

26.56 

V.<6 

Svnpl  |;  ;  fl'ir  .!t  ic»»i  ('"in.) 

4? 

80 

<0 

40 

40 

40 

CO 

40 

m 

40 

40 

4? 

St-1.  Pr »  G:s  Volt*  **  Sampled  (dscf) 

?4.8» 

57.30 

23.95 

23.36 

26.W 

26. 53 

60.37 

24 .  /? 

53.  l. 

25.  11 

25.49 

?5.M 

ls.»kl  ■•»?>.  Port  nr 

115 

108 

109 

109 

105 

110 

110 

106 

lOo 

107 

108 

104 

Gl  .  A-.  >1  i  s  CO > 

o.?s 

o.?s 

0.25 

0.25 

0.0 

o.o 

0.0 

0.0 

0.0 

0.0 

0.0 

c.c 

0; 

?0.?/ 

?7.?/ 

20.2/ 

20.?? 

20.1 

20.1 

20.1 

70.  1 

70.  1 

70.1 

20.0 

20.:- 

V 

79.48 

79.  4y 

79.43 

79.48 

79.9 

79.9 

79.9 

79.9 

79.9 

79.9 

80.0 

80.  C 

CO 

o.o 

o.o 

0  0 

0.0 

0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

0.0 

o.o 

Kul»v,./.r  *.  n;r't  of  Stack  Gas 

?.5.5? 

28./J 

2d.  53 

28.63 

28./: 

23.  69 

23.  M> 

28.74 

23.74 

?H.  74 

28.73 

2S.  7^ 

Pjr  l  »c •»*  ate  Collr.  teo  (C.ns): 

fat:  !«• 

0.019-.. 

0.0i03c 

0.0116 

0.0166 

0.0157 

0.0766 

0 . 0  /  3  3C 

0.017/ 

0. ov.it 

0.0199 

0.0170 

0.C-.21 

Pro*-. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

- 

-- 

Glass*-irr  (Before  filter) 

- 

-- 

-- 

- 

— 

-- 

-- 

-- 

- 

f  ilt.  " 

0-0104 

O.G??3'J 

0.01 |Q 

0.0187 

0.00*16 

O.tXH'l 

0.01 35d 

0  00/3 

0.0145^ 

O./'IO? 

0.0137 

O.C329 

Tot.il  fry, it  Half 

0  0300 

0  0676 

O.C.Vo 

0.0)52 

0.0253 

O.OlbS 

0.0868 

0.0?‘.0 

0.0496 

0.0306 

0.03?’ 

C.C-  50 

In S0> '.bln  Ii’pinjer* 

0.0005 

o.ooio 

o.oon 

0  00'% 

0.0004 

0.0011 

O.txMS 

- 

O.OOUl 

0.0031 

0.000? 

o.oon 

&l  dSs»irr  (After  Filter) 

0 . 00?4 

O.OOT? 

O.CC/4 

0.0O2J 

0.0005 

0.0005 

0.0012 

0.0007 

0.001/ 

0.000? 

0 

0 

Total  (Inrludmj  Insolubles) 

0.0379 

0  0558 

0.0761 

0.0)81 

0.026? 

0.0)31 

0-0364 

0.0?6/ 

0.0514 

0.0)44 

0.03U 

0.0451 

Cord*1'  •  «f:Ti’S 

0  0019 

0.0093 

o.omp 

0 . GO60 

0.0076 

0 

0 

-- 

0 

0 

0 

0 

Total  (Including  Cortdens.) 

0  0349 

0.0656 

0.0)3/ 

0.0441 

0. 0283 

0. 0331 

0.0384 

- 

0.0614 

0.0)44 

0.0314 

0.C4S1 

Pirtklr  Corw entrat  ions  (gr/dsc?). 
front  h *  1  f 

ho" t  it  *  ln\o1ut>lei 
Total  (l«r luding  Cnndens. 
hhtl."'  f>jtr  (  Ib'r-r)  : 

Front  Mlf 

Fr-'n*.  »*  j  1  f  ♦  Jn^ut  i,Mes 
To1  *1  {  |  1  tiding  f.vuVns 


0  0186 

0  014? 

0.0146 

0.0/3? 

0.0156 

0.0//1 

0.0704 

0  01 6J 

0.0169 

0.0/6? 

0.0161 

0.0/30 

00/1  b 

0.01/9 

0.071/ 

0.0711 

O.OI77 

0.07  JO 

9.5b 

7.55 

7.60 

n.pj 

8.90 

12.1? 

1').4^ 

fi  la 

8.  7/ 

1? .  81 

9.22 

12.71 

11.09 

9  f-  > 

11.  fj 

14.8/ 

10.  n 

17.  71 

OP??? 

0.0156 

0  01 31 

0.0188 

0.0IC5 

O.C??I 

0.0276 

0.0160 

0.0D6 

0.0711 

o.orv 

0.C27/ 

0.0??b 

0.01  3<> 

0.0711 

0.01V) 

o.c?/? 

12.81 

8.f  « 

7.  3? 

10.50 

10.54 

15.9) 

13.05 

8.P8 

7.6M 

11.60 

11).  7? 

l->  97 

1  ).  06 

•- 

7.  6^ 

11 .80 

10.  76 

IS  V’ 

1 


1 


I 
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Tabl*  1 


Test  ?»t- 

Production  Fjte  ( shel  Is/hr) 
BdfO-’itric  r’essure  (  Bit  Hg) 

Stat  IC  Pres*.  •'£*  ( In  Hg) 

Absolute  St.*.  '•  Pressure  l  in  Kg) 
Stack  Gas  Vttoc  ity:  FPS 
FPM 

Percent  toisture 
Gas  Flo-  Rate:  ACIM 
SCFM 
OSCF.M 

Stack  Temperature  (*  f) 

Dry  Cjs  Volume  Sampled  (dacf) 
Sampling  Pufjtroi  (min.) 

Std.  Dry  G-"»  Y.»l •!•**  Sampled  ('Kef) 
Isokl-  et>'  f.’-tor 
Gas  Ar.jlysi  >  :  CO^ 

<>2 

h2 

CO 

Kolf.-ili'  -  of  Stack  Gas 
Fa*-t  iculatv  Col  lasted  (G^s): 

Nr:/ala 

Pro's* 

Glasswjro  (Pefore  Filter) 

Filter 

Total  Fro't  Half 
Insoluble  Inpmgers 
Glassware  (Aft*»r  Filter) 
total  (Including  Insolubles) 
Condens ibles 

Total  (Including  Cor.dens.) 
Particle  Concentrations  (yr/dsef): 
Front  Half 

Front  Half  ♦  Insolubles 
Total  (Including  Condens.) 
{mission  Patt*  ( lt>/r.r ) ; 

Front  Hjlf 

Front  Half  ♦  Insolubles 
Total  (Including  Cordens.) 

(Cnn;  in'.-d) 


(Cont tnued) 


*  4\\P 

‘  WP  " 

saa? 

■  •  ssr 

■'  sssr~ 

V-3?~ 

~~S5AP 

'  ‘SUP-  — 

SAAP 

■SAAP“ . 

- ' 

$A 

!■  P  "»•* 

IS  *16 

Inp  "C 

IS  *17 

tS  f  18 

IS  *20 

IS  #21 

IS  #?? 

ir.?  -a- 

IS  i?i 

IS  '24 

ts  #?s 

Ij/tn/oO 

1C/16/20 

10/ i //j: 

10/17/80 

10/17/89 

10/21/80 

10/21/80 

1 1 J  /  / 1  /  f.  ? 

10/21/80 

I'i/22/mO 

10/22/80 

in/?.-  /r- 

123  .h 

12/. S 

126.0 

133.5 

116.6 

129. G 

132-0 

n/. 0 

129.0 

120.0 

116.5 

118-6 

29  s? J 

29.450 

29.640 

29  530 

79.630 

29.210 

29.210 

29.210 

23.210 

29.630 

29.530 

?9.6  0 

-0.1-7 

-o.n/ 

-0.?cti 

-0.230 

-0.1S0 

-0. 118 

-0.  118 

-0.  11.3 

-0.26? 

-0.118 

-0.118 

-0.170 

29. 3-:) 

29. 3. '3 

29.26 

29  250 

29.300 

29.09* 

79.09? 

29.01? 

29 . 09? 

29.41? 

29.41? 

29. 3->  3 

C5.56 

86 . 36 

fa. 60 

85.96 

es./i 

87.66 

87.63 

8/. 67 

64 . 0” 

87.  11 

87.80 

5.18-  .2 

5,133.6 

5,181.7 

5,196.1 

6,166.9 

6,202.8 

6,259.0 

5,2*1 .9 

6.260.2 

5,040.2 

5.266  6 

5,269.0 

0.93/ 

1.03 

1.23 

2.12 

1.0$ 

0.9J 

0.9.8 

1.19 

0.87? 

0.13 

0.09 

1.02 

70VBS*.J 

70,125.0 

70,782.0 

70,978. 7 

70,427.8 

71.054.6 

71,837.9 

71,038.4 

71,8*5.3 

68,835.1 

69.6.?;.  4 

70, 380.5 

6/.T59.6 

64,633.4 

67,459.0 

£6,  324.3 

66.912.1 

67,596.8 

66,903.8 

6»»,?89.6 

67,631.6 

64.9J9. 7 

65,556.4 

66. 129.4 

65, ‘95.9 

64,231.6 

66.5P2.0 

64,918.2 

66,210.0 

66,928.4 

66,243.? 

65,600. 7 

66,942.7 

64 ,e/5 . ? 

65.499.7 

65, 4:  '.  9 

Co.? 

93.8 

82.6 

92.4 

S4.0 

79.6 

9!.  2 

95.? 

96.  ? 

9*3.0 

92.8 

91 .8 

6?.  Pi 

26.69 

4/. 61 

76.96 

26.97 

26  93 

27.46 

?7. 62 

49. ?l 

26.31 

27.40 

27.91 

80 

<0 

SO 

c: 

40 

40 

40 

40 

60 

40 

40 

40 

6  7.  tv 

24.6! 

4>.C 

24.96 

75.05 

25.33 

26.3/ 

?>.?8 

44. 9* 

24.58 

26.35 

25.81 

IP? 

105 

68 

107 

10/ 

VA 

107 

10/ 

in/ 

105 

106 

10/ 

c.o 

O.r 

0.07 

0.07 

0.0' 

0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

C.l 

?n.r. 

?G.d 

19.9 

19.9 

0.0 

20.2 

20.2 

70.2 

2J.2 

20.1 

20.1 

?C.  1 

80. P 

SO.O 

80.03 

80.03 

19.9 

79.8 

79. 8 

79. 8 

73.fi 

79.9 

79.9 

79.9 

0.0 

0.0 

0.0 

0  0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3.6  a 

23.07 

28.66 

25.5/ 

78.63 

2,3.71 

23.  70 

25-i‘f 

?3.7  2 

28.79 

28. 71 

?f»  6*p 

0.  Ibl/*' 

0.0126 

0.03c  - 

0.01*4 

0.0116 

0.0178 

0.0094 

0.0396 

0.05 /O’" 

0.0116 

O.CI'J/ 

0.01?' 

0.0 'If1 

0.0290 

0. CXlSt1 

0.0243 

0.0229 

0.0329 

0.0227 

0.0. '9  7 

0.01611 

0.0115 

0.0176 

0. 04-09 

0. l»5l 

0  0416 

0.04  u 

0.039/ 

0.0344 

0.0456 

0.0321 

0.0  M? 

O.0/J4 

0.0233 

0.C233 

C ,  C  3  V 

0.0006 

0.0012 

0.0040 

0.0010 

0.0030 

0.0106 

0.0028 

0.0008 

0.C0I7 

0.0231 

0.003** 

o.c »::: 

0 

0 

0 

0 

0 

0.0026 

0.0025 

0.004S 

O.OM4S 

0.0019 

0.0020 

C  'XI?  J 

0  185/ 

0.0428 

0.0431 

0.0407 

0.0J4/ 

0.0437 

0.0374 

0.CM4S 

0.074-, 

0.0253 

0.0 J3> 

0.001 

0.0?31 

0.0034 

0 

0 

0 

0.0014 

0 . 0U03 

0.W16 

0.0? 59 

o.rs,.*-. 

0  .£>>•’ 

0-2.  •*•0 

0.04a? 

0.0431 

0.0407 

0.0)47 

0.0601 

0.0332 

0.0*.  3fl 

0 • 03»4 

O.t'sl? 

0  .’4.:  9 

0.0196 

0.0260 

0.0161 

0.0245 

0.021? 

0.0277 

0.0195 

0.02)4 

0.0?5? 

0.0146 

0.017? 

0  l\\'l 

0.0193 

0.0268 

0.0166 

0.0252 

0.0224 

0.0296 

0.0223 

0.0272 

0.02/3 

0.0169 

o.o.  w; 

0.0  >40 

0.0560 

0.0289 

0.0166 

0.0252 

0.0214 

0.0106 

0.023? 

0.029.1 

0.029/ 

0.032? 

0.C2V 

0.0244 

23.31 

14.31 

8.62 

13.66 

11. p.s 

16.92 

11.07 

13.42 

14.46 

fl.  1? 

9.65 

11.23 

?8.4o 

14.75 

9.41 

14.00 

11.95 

1 7 .  C'J 

12.95 

16.?/ 

15  78 

8.84 

11.45 

13.4:. 

31.96 

16.92 

9.41 

K  00 

11.95 

17.49 

13.17 

16. 4S 

17.0? 

17.91 

13.0? 

13.69 
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k'S, 


r«*.n*  1 


(Coot 


SAA? 

SAAH 

SA-i-’ 

N-  ' 

54 -\u 

V.*,.  • 

s.-.’ 

Saap  “ 

I-P  . 

IS_I?6 

.  ! '  *  -  '  ■’ 

I  ,•  “O' 

I  w.  » 

i  -  *  30 

r- 

!  »!/ 

JS  AJi 

Test  Cate 

UW/SM 

10/; v  so 

10 '/  I't'O 

In  .  i 'HO 

lv  /.'  ■  H.) 

o  /.'j/eo 

1.  ;• 

10. ;  v80 

ln/?3/8i 

Production  8<*tr  (  ■»■  1 1  *./*•>  ) 

U’l.O 

11s.  s 

81.0 

10*’.  0 

lo  J.  5 

1/1.5 

1 1  . 1 

1/4  5 

117.0 

Eir^retf  »c  Press  -"'  (  in  i‘;l 

7).  630 

?9.t  » 

<  J  l'  ;J 

/4.  v-./ 

7  -  09/ 

?•» 

?o.  J 

29.890 

italic  Pressure  ; i"  rj) 

-0.11P 

-0.159 

-0  1VI 

-o. isn 

-0.1'. 

•0  is? 

IS’ 

•0.  r-j 

-0.!‘j0 

Absolute  Stack  >»t'.S;r«  (  »n 

F* }'  ?9.4’,2 

2-i.  ?y  1 

79. /JO 

?4 . ;  •) 

29.730 

i>9  ,  «  1 

?J  7  10 

29 . 730 

Stack  Cjs  VoIcki*. >  f  Pj 

Ch.O? 

£3.91 

H*>. 5  • 

Si.  M 

87  .nl 

IV  23 

17.  I*- 

6  31 

87.  7? 

Fr« 

S,  1^1  4 

5.  3U.p. 

b, !  •• ' .  ? 

s.  0/1  ; 

5.r--'.q 

S.77  3  FI 

S.1.M.4 

f .263.2 

Percent  KmsT..-,; 

l.l-U 

0 . 

0  i  : 

0  1  .• 

0  1-. 

0.1  l 

(•.»*! 

O.l.n 

0  43 

Cis  Mo-  Pite:  A.F* 

70. 4W.? 

/’/ .  -»4 . 6 

/«  .  IS.  < 

3i-  ^ 

71  ,«  >7.1 

;  -.t-jS.i. 

71.S-: 

'.? 

71,879  « 

5  ,jy 

6/. 9:1. J 

/  >.  S':  1  1 

b 

f-i,sii.  3 

f  .  ‘i  ■ . 1  6 

b  \  V.  >.  3 

t  s 

t  *. 73J.O 

£.3,404.< 

PS’,  i  V 

6  7, 7. >6.? 

Gi.Ayi.  I 

1 

r3.4-  v.  7 

b!'.4°?.7 

b-’..  ■*. 8 

t  t.i  -  -‘.t 

87,40*..  9 

£8,110. 

St  ick  1 -•'p-r at v' •’  {*  F) 

/8.S 

81.7 

fc>  8 

7  1.  P 

8».  7 

Q  '.S 

9i.f 

H’.n 

91.3 

(v,  Cas  v  1i-e  ‘ 

fi  4 •  •  • ; 

' . !  3 

«V.4s 

4?  3 

.**/  *l 

?/.«•. 

yj  ■: 

.’i  9> 

/(..  71 

5  '.ipl  m?  IV.  r  '  t  >  (  !"  .  ' 

t-' 

4  ' 

4; 

t 

4  5 

C 

< 

4  . 

4 

St J  .  [r*  (  >%  V  l.i  -  v.  •.  ! 

(  •-  ‘ '  *•  ••  '■ 

2t  •  ■  * 

/  •-  *i- 

4-  i  ' 

/•  ’  » 

7  '  ‘1 

?  j  Sr> 

24  93 

Isokmett  Fj't  ’ 

K- 

If/ 

1-J-i 

Vi 

1  :• 

1.  . 

1 

If.’ 

JO? 

C  i  s  Ao  1 1  >  •  i  s  • 

f  0 

0  I* 

l  1 

c  • 

0  0 

C  0 

0  ■** 

0.0 

0.0 

(■< 

?•  1 

2/  ! 

:  1 

7  l 

/  1  1 

;  •  1 

? '  i 

20  1 

2.1.  1 

79  C 

79.9 

»..* 

/f  u 

;u.4 

h  9 

/  •.  <- 

7  *.  • 

H  9 

C1' 

Ob 

0.0 

0.0 

c  0 

0  0 

0  0 

0  r 

0.0 

0  0 

F\*lt*c  u?  jr  w  ■  i  ;*  •  .  f  »  i 

2  3  ’1 

/.-> .  \» 

;•  /  - 

2“ .  7 » 

?■»  7/ 

?r  75 

78.7b 

Particulate  C'H.  .1 

hui/te 

or:  in 

o.n; 

C. 

0  Cl  12 

c.ri  /  j 

0  r  1 

o.o??o 

0.0931 

Probe 

-- 

-- 

Giass»v*o  f  .  •  •  f  » 1 1 .  •  ) 

-• 

-- 

f  i  l  ter 

O.O!  .V*1 

0.0l?h 

0.0!f'> 

0  01“.'-* 

0  Pl/3 

0.0141 

0,0! st 

0  0105 

0.0137 

To t  s  1  Front  Hi’r 

0.04/4 

0.5.  ■’•*.4 

0  on* 

0  1414 

0  U2.3S 

0.031? 

l«  (•'  ■ 

0.03,  S 

0.1069 

Insoluble  Irprnj.f.. 

0.00 '* 

o.ovo 

0-00*38 

0.0"CS 

0  OuC'4 

0  a)95 

O.fM'il 

0.W1 1 

0.0001 

Glassware  (After  filter) 

0.WJ4 

0.0t»O? 

O.O'W 

0 .  0  *0  J 

0  ON-.» 

0.  0007 

0.(^  1.1’ 

0  00.1? 

0.0002 

Total  (  Ini  1  inj  in  j  Insnlobl 

ns)  0.0516 

O.W*i 

O.O’M 

o.n.v 

0.0/41 

0.0409 

0.0  -• 

0.0339 

0. 1071 

Coniens idles 

0.00M 

O.Ou?? 

0  (kj..i; 

0 

0.0001 

0.01106 

0.0*904 

0.00 0? 

0.0033 

Total  (  l«f  1  m}  in  ;  C.  n,-.  ns  .)  0.05?i» 

Particle  Content? at ton>  (cjr/o.cf) : 

O.fl-W 

0  0  3// 

0. 14.V 

0.0/:’ 

0  0415 

O.O.'nl 

0.03:0 

0.1104 

Front  wjif 

0.01b*’ 

0.0140 

o.oirs 

0.0SO7 

0.0139 

0  018/ 

O.Olsl 

0.0194 

0.0660 

Front  Half  ♦  Insolubles 

0.0W* 

0.0! S3 

0.0190 

0.0510 

0.014’ 

0.0246 

0  01M 

O.c/ol 

0.C66? 

Total  (Incluifi'.;  Condens. 

)  0.0181 

00165 

00191 

0.0510 

0.0143 

0.0?49 

0.C!‘-;. 

0  070? 

C.0to8? 

t-*  isslon  R  jt°  (  1b/hr  ) : 

Front  Half 

9.31 

8.40 

10.64 

29.73 

8. 1J 

U.fUl 

8  7{t 

?!  ?1 

33.6? 

front  Hrl  f  •  fn;ol».Mes 

10.13 

c  is 

1  1  91 

29.90 

8  34 

14.15 

C  Cl 

1»  bl 

3.1  63 

Total  ^Inrlv.  firj  ;  -,n  f.-es 

•fcnpin  ;*v  s  r*  <  o *r ? «? 

)  .  10.41 

no?  «•■■> .1 1  /.*'•  t.r  * 

n  .Ql 

bj?f  of  s 

11.  IS 

»«*.i  t* 

?9  Ql) 

8  39 

14 . 36 

9  .01 

11  .ft 

39.8? 

«-*\h  t--%t  >»i» .ji  i  *  <: m . 

cTh»S  **■'/'?  (f<*  i.-,  *  »  ir  t--'.ts)  is  the  i  ir*!»  !**•-••!  wiij't  of  t»»**  ''ill  1**  di'.t  ^  c  > '  I- t”r  wishes. 

^Ihis  >+'  I  jh?  (»'  .<■  I’.  ■  t**,!s)  is  1*11’  cfnbi-.-.J  of  tl»’  »-’[>.!  In'"  si  *  :  .pi  t’if  V  t,;i  flit- 
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Table  2 


Tat  foie 

'.>n  f'jte  (  sh?l  ls/l*r) 

0 » 1  lsa;e  (  y  3 > /nr ) 

Oil  Us  a;*'  (na1/%t*el1) 
barjnetr  ic  Pressure  (  in  H3) 

Scat  r w  Pressor:-  ( in  Hj) 

Absolut**  Sta*k  PresS«re  (in  Mj) 
Ste,k  Cis  V-*lo.  ity:  FP.» 

FPM 

Percent  «o  1  s t v.*-  e 
Gas  fib*  Rato:  fi~fM 
SC 

PSCfM 

!»td*.k  I'.-iPp-T  at  „fr  ("  F) 

Cry  G:s  V-alirv  Sailed  (da.,  f) 

ScVnpl  i'l.j  I*u»  at  Ijn  (nin.) 

Std  .  Dry  C  <  S:.nple?  (dv.  f) 

Isekir-et  i'.  Factor 
Gas  Analysis:  CO^ 

02 

*2 

CO 

f*o l*-r  ilj'  »*•  > ; b t  of  Stack  G:> 
Particular-  Collected  (Gris): 
ffc //!*.* 

Probe 

Gla.sv.jrc  (Sefore  filter) 

Filter 

Total  Front  Half 
fnsalu.'le  J.'pMgers 
Glassware  (After  Filter) 

Total  (Irr.lu.iin9  Insolubles) 
Condensibles 

Total  (Including  Condens.) 

Parti-:  !e  Con,  *v*trat  ions  (gr/dsef): 
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of  the  differences  in  the  processes,  i.e.,  production  rate,  type  of  lube  oil, 
lube  oil  usage,  etc . 

For  the  most  part,  the  condensible  particulates  constitute  a  small 
percentage  of  the  total  particle  concentration.  The  condensibles  average 
approximately  7.3  percent  (range  0  to  60.6%)  of  the  total  particulate  weight 
for  the  Frie  press  exhaust  and  11.2  percent  (range  1.6  to  ?/./%)  for  the 
Flinchbaugh  exhaust.  On  several  occasions,  the  weight  percent  of  condonsib  I- 
exceeded  ?0  percent  (as  high  as  60.6%),  but  there  was  no  obvious  reason  for 
these  anonio lies. 

Three  of  the  tests  at  the  Frie  press  line  resulted  in  an  unusually 
large  quantity  of  particulates  captured  in  the  nozzle  of  the  sampling  train 
(SmAP  Imp.  "F",  SAAP  Imp.  "J",  and  SAAP  IS  #33).  Test  SAAP  Imp.  "F"  was 
invalidated  because  of  an  obvious  analysis  error;  the  nozzle  wash  was  spilled 
However,  it  is  not  obvious  why  the  other  two  test  runs  had  nozzle  washes 
which  were  more  than  four  times  greater  in  weight  than  the  nozzle  washes  of 
similar  test  runs.  It  is  possible  that  the  large  quantity  of  material  in  the 
nozzle  is  due  to  human  error,  such  as  hitting  the  probe  against  the  stack 
wall.  However,  it  is  also  possible  that  the  large  quantity  of  material  in 
the  nozzle  is  the  result  of  random  fluctuations  of  the  emissions  generated  by 
the  forging  operation.  It.  was  assumed  that  there  was  not  a  problem  with  the 
sampling  or  analysis  procedures,  and  that  the  unusually  large  weight  of  par¬ 
ticulates  in  the  nozzle  was  the  result  of  process  variations.  Because  of 
the  weight  of  particulate  iri  the  nozzle,  tests  SAAP  Imp.  "J"  and  SAAP  IS  #33 
yielded  particle  concentrations  which  were  two  to  three  times  greater  than 


the  other  tests. 


Table  3  compares  JACA's  emission  test  results  at  the  trie  press  lie. 
anil  the  F I  inchbauyh  forge  shop  with  t  tie  test  results  fro:;:  other  forging 
operations.  The  table  also  contains  basic  operatiny  parameters  for  the 
different  forging  facilities.  For  the  purpose  of  comparison,  JACA's  averaye 
emission  concent  rat  ions  ivrv  separated  according  to  the  testing  procedures 
used  to  determine  the  concentrat ions. 

As  seen  from  T.ible  3,  JAtA's  test  results  f  r  on  the  trie  pi  ess  line 
compare  favorably  with  the  test  results  from  other  press  lines  a*  the  SA/A'  ■ 
(Verson,  John  Deere,  arid  Bliss  *1  press  lines).  Average  emission  c  om. ent  ra¬ 
tions  at  the  trie  press  line  are  on  the  order  of  0.0233  yr/dsef  to  0.0368 
gr/dsef,  while  particle  concentrations  from  the  Verson,  John  Deere,  ana  Bliss 
ffl  press  lines  are  0.0318  yr/dsef,  0.0298  cjr/Jsef  and  0.020b  yr/dsef,  respec¬ 
tively.  At  the  SAAP,  each  press  line  uses  the  same  type  of  lubricating  oils 
(Quenchtex  500  and  Texaforye  75/1).  According  to  SAAB  personnel  ,  the  two 
lubricating  oils  are  mixed  in  the  dip  tanks  and  ttie  Texaforye  7 h 71  lubricat¬ 
ing  compound  (referred  to  as  "hot  punch”)  is  applied  to  the  die  cavity.  Both 
lubricating  compounds  are  oil  based,  and  the  Texaforye:  7571  contains  a  graph¬ 
ite  additive  (approximately  25%).  The  average  production  rates  (shells  per 
hour)  of  the  four  presses  at  the  SAAP  are  also  comparable  (105  to  127  shells 
per  hour),  but  the  Verson  press  has  a  greater  material  throughput  (pounds  per 
hour)  because  it  manufactures  larger  shells. 

The  particulate  test  results  from  the  Flinchbaugh  forge  shop  show 
average  concentrat i ons  of  0.0052  gr/dsef  to  0.0056  yr/dsef,  which  arc  one 
third  to  one-fourth  the  concentrations  from  any  of  the  forges  at  the  SAAP. 
However,  the  M inchbauyh  test  results  are  similar  to  the  lest  results  from 
the  Chamberlain  Manufacturing  forge  shop  in  New  Bedford,  Massachusetts.  The 
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1  j>*  l  y  4  p  >■{  !■  <i  of  the  *■  ih  just  his  tested  u,  th.-  control  systm  stily  P.issnarjel  and  Associates.  "Report  of  I  vatu  it  ion  Air  Poltifiyn  Tests  Conducted  on  fh» 

lea  {.h.ir.,- I  [Vop’^t  VruVmr  locatid  at  th.-  Vranf.-i  Army  A""unit»uo  Plant,  Vrjnton,  FA,  fi»r  Hi  Jl  nm>  Ai  sonal  on  April  I/.  1  ‘1  /  it .  **  April  ?u,  19/y. 

J  f*i,  of  J-V  *  * s  lest*.  **•(»■  dis*u  .ntef  because  th.  is  -^fnejlc  rat*’  wn  greater  than  1J0Z. 

lO’1’  of  JA  .Vs  tests  dis  unn»rd  (>-■  i .»*.•»  th  ir-»t  »c  rit-  w»s  gr*»iter  than  1  ]  0  • . 

IjV-e  ..f  /'tk.A's  tests  >*■'«*  <J  i  if  o«n*«»d,  two  »jsn  the  fsok»r**tn  rate  wis  greater  thin  HOC,  and  one  because  no  Con  fwis  i'1 1>*  .!•  ilvsis  could  b»*  duo-* 

A'fw-.  c.  *  ,  ‘ (  A  ’ f..-,rs  wrr  discount*'.',  O'c  b*'  1  .• "  the  isnSnntu  rate  wis  less  thin  911.  and  one  because  the  wish  was  ill  . 


average  emission  concentration  at  the  New  Bedford  forye  shop  was  tested  to  be 
0.0058  gr/dscf.  The  lubricating  oil  used  at  FI  inchbaugh  is  designated  as  Hot 
Forging  Agent  201  (HP  201),  manufactured  by  E.  F.  Houghton  and  Co.  This 
lubricating  compound  is  oil  based  (approximately  50  to  65%  oil)  and  contains 
20  to  30  percent  graphite.  The  lubricating  compounds  used  at  the  New  Bedford 
forge  shop  are  designated  as  MacForge  599  and  MacForgu  958.  MacForge  958  is 
water  based,  containing  1?  percent  oil  and  24  percent  qraphite.  MacForge  599 
is  oil  based,  with  48  percent  oil  and  30  percent  graphite.  A  mixture  of 
MacForge  599  and  958  is  used  in  the  dip  tanks,  while  only  MacForge  699  is 
used  for  swabbiny  the  die  cavity.  The  production  rates  are  dissimilar  for 
the  FI  inchbaugh  and  New  Bedford  forge  shops. 

No  conclusions  can  he  drawn  about  which  process  parameters  are  most 
important  relative  to  the  exhaust  emission  character ist ics .  It  appears  that 
the  production  rate  and  the  quantity  and  type  of  lube  oil  used  have  a  signi¬ 
ficant  effect.  Most  probably  a  combination  of  process  factors  (including 
production  rate,  oil  usage,  method  of  oil  application,  etc.)  account  for 
the  observed  emission  character ist  ics .  This  indicates  that  the  particulate 
emission  character i st ics  may  vary  from  one  press  line  to  another,  and  thus 
any  relationship  between  mass  emissions  and  opacity  is  likely  to  be  site- 
specific.  As  will  be  discussed  in  Section  5.1  of  this  report,  there  does 
appear  to  be  a  difference  between  the  mass  emission/opacity  relationship 
which  is  statistically  significant  for  the  exhausts  from  the  Frio  press  line 
at  the  SAAP  and  the  FI inchbaugh  forging  operation. 


m 
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OPACITY  OBSERVATIONS 


As  previously  discussed,  each  of  the  particulate  mass  emission  tests 
was  accompanied  by  opacity  data  which  was  recorded  over  the  entire  test 
period.  For  the  most  part,  opacities  were  monitored  with  a  Datatest,  Model 
90 A,  transmissometer.  Figure  1  and  Figure  2  show  the  positions  of  the 
transini ssometer  as  installed  on  the  exhaust  ducts  of  the  Erie  press  line  at 
the  SAAP  and  the  Flinchbaugli  forge  shop,  respectively.  To  provide  a  hard 
copy  of  opacity  values,  an  Fsterline  Angus  (minigraph)  strip  chart  recorder 
was  used.  The  recorder  was  operated  concurrent  with  the  mass  emission 
test s . 

Analysis  of  opacity  data  was  straightforward;  opacity  values  were 
obtained  from  the  recorder  char t s  and  averaged  over  the  sampling  period  for 
each  test  run.  The  Flinchbaugli  opacity  data  exhibited  a  regular'  pattern  of 
maximum  and  minimum  opacities  and  a  continuous  curve.  In  this  case  the 
average  opacity  was  determined  by  measuring  the  area  under  the  curve  with  a 
planimeter  and  dividing  by  the  total  area  for  the  entire  test  period.  The 
opacity  data  from  the  Erie  press  line  exhibited  an  erratic  pattern  and  did 
not  show  a  continuous  curve.  Since  the  chart  recorder  used  pressure  sensi¬ 
tive  paper,  the  Erie  press  data  exhibited  a  series  of  distinct  dots  (approx¬ 
imately  GO  per  minute)  which  varied  considerably.  The  opacity  data  from  the 
Erie  press  was  analyzed  by  counting  and  recording  the  magnitude  of  the 
individual  dots.  The  average  opacity  during  a  test  period  was  simply  the  sum 
of  the  magnitudes  of  the  opacity  values  divided  by  the  total  number  of  points 
which  were  counted. 


-2?- 


Since  the  transmi ssometer  was  zeroed  and  the  span  was  checked  fre¬ 
quently,  it  was  observed  that  for  some  tests  the  lenses  were  accumulating  a 
thin  layer  of  dust  despite  the  fact  that  the  air  purge  system  was  operated  at 
all  times.  The  zero  and  span  were  checked  at  the  beginning  and  end  of  each 
day,  and  any  other  time  that  the  process  was  not  operating  and  the  stack  was 
clear.  The  lenses  were  also  cleaned  at  the  beginning  of  each  day.  fach  time 
the  zero  and  span  were  checked,  the  opacity  increase  was  noted.  According  to 
the  manufacturer,  a  one  percent  increase  in  opacity  over  a  24-hour  period  can 
be  explained  by  the  zero  drift  of  the  instrument.  However,  JACA  was  observ¬ 
ing,  at  times,  a  4  to  8  percent  opacity  increase,  which  can  only  be  explained 
by  dusting  of  the  lenses.  For  this  reason,  some  of  the  average  opacity  values 
were  adjusted  to  account  for  the  observed  opacity  increases  when  the  stack  was 
clear.  Most  of  the  opacity  data  from  the  FI inchbaugh  forge  shop  and  three 
test  runs  from  the  trie  press  line  were  corrected  to  account  for  lens  dusting. 
To  make  this  correction,  it  was  assumed  that  the  opacity  increases  proceeded 
in  a  linear  fashion,  from  the  time  the  instrument  was  zeroed  and  calibrated 
at  the  beginning  of  each  day  until  the  zero  position  was  again  checked.  The 
opacity  increase  was  then  subtracted  from  the  recorded  opacity  data. 

Table  4  is  a  summary  of  the  mass  emission  and  opacity  data  which  was 
used  in  the  final  analysis  phase  of  this  study.  Columns  6  and  7  of  Table  4 
illustrate  the  range  of  opacity  values  which  were  recorded.  It  should  be 
noted  iri  column  7  that  the  FI inchbaugh  opacity  data  was  also  adjusted  to 
account  for  the  difference  iri  emission  characteristics  and  stack  diameter 
between  the  FI inchbaugh  forge  shop  and  the  Erie  press  line  exhausts.  This 
will  be  discussed  in  more  detail  in  the  next  section  of  the  report. 
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Table  4  illustrates  the  difference  in  opacity  between  the  two  forging 
operations.  The  exhaust  of  the  Flinchbaugh  forge  shop  exhibited  average 
opacities  (corrected)  in  the  range  of  4.68  percent  to  9.67  percent,  while 
the  Erie  press  line  exhaust  showed  opacities  in  the  range  of  13.20  percent 
to  27.63  percent.  Obviously,  the  opacity  values  at  the  Erie  press  line  are 
consistently  higher  than  those  at  the  Flinchbaugh  forge  shop.  The  particle 
concentration  values  follow  this  same  general  pattern.  The  following  section 
will  discuss  the  relationship  between  the  corresponding  particle  concentra¬ 
tion  and  opacity  values  listed  in  Table  4. 
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OPACITY/MASS  EMISSION  RELATIONSHIP 


Opacity  may  be  defined  as  a  physical  property  of  a  medium  representing 
the  degree  to  which  visible  light  is  attenuated  as  the  light  traverses  the 
medium.  Opacity  is  expressed  as: 

Opacity  (%)  =  (1  -  T)100 

=  (1  -  i/IqUoo  (l) 

where  T  the  transmittance  of  light 

I0  =  the  intensity  of  light  incident  on  a  medium 
1  --  the  intensity  of  light  leaving  a  medium 

It  is  obvious  from  the  previous  equation  that  opacity  and  transmittance  are 
very  simply  related.  Transmi ttance  is  measured  by  t ran sm i s some ter s  by  deter¬ 
mining  the  intensity  of  incident  light  (I0)  and  that  leaving  a  medium  (I). 
These  two  values  are  then  used  to  calculate  opacity. 

The  theoretical  relationship  between  opacity  and  particle  concentra¬ 
tion  may  be  defined  by  a  simplified  expression  of  the  Beer-Lambert  Law: 

I  =  I0e-«Cl  (2) 

where  C  =  particle  concentration  in  terms  of  mass  per  unit  volume 

a  -  an  extinction  coefficient  which  is  a  function  of  particle  size 
distribution,  composition,  and  other  particle  characteristics 
L  -  optical  path  length 

I,  I0  =  intensity  of  light  leaving  and  incident  on  a  medium 
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By  combining  equations  1  and  2,  an  alternate  expression  for  opacity 
(as  a  decimal  value)  is  a  follows: 

Opac i  ty  =  1  -  e-plCL  (3) 

One  would  expect  from  the  preceding  equation  that  the  mass  concentra¬ 
tion  of  particulates  in  a  gas  stream  could  be  predicted  if  all  other  quanti¬ 
ties  are  known  or  measured.  This  is  essentially  what  is  done  in  theoretical 
and  field  (or  actual)  calculations.  It  should  be  realized  that  equation  3  is 
a  simplified  expression  relating  opacity  and  particle  concentrations .  There 
are  several  simplifying  assumptions  that  are  necessary  to  arrive  at  this 
relationship.  For  a  more  detailed  account  of  this  relationship,  the  reader 
is  referred  to  the  publications  of  Pilat  and  Fnsor  [4,S]. 

To  discuss  the  relationship  between  mass  concentration  and  opacity,  it 
is  convenient  to  introduce  an  additional  quantity,  optical  density,  which  is 
frequently  used  in  representing  transmissometer  data.  Optical  density  (0)  is 
defined  as  the  logarithm  to  the  base  10  of  one  over  transmittance  (T): 

D  =  log  1/T  =  -  log  T  (4) 

where  D  is  expressed  as  a  fraction  which  ranges  from  zero  to  one. 

Since  opacity  is  defined  as  1  -  T,  the  relationship  with  optical 
density  is  expressed  by: 

D  =  -  log  (1  -  opac i ty)  (S) 

By  combining  equations  3  and  5,  an  alternate  expression  for  optical 
density  is  as  follows: 
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(6) 


D  -  -  log 
or 

D  =  0.434  ad  (7) 

Lquation  7  predicts  that  there  is  a  linear  relationship  between 
optical  density  and  particulate  concentration.  Manufacturers  of  transnis- 
someters,  such  as  Dynutron,  Inc.  [b],  claim  that  this  correlation  can  be 
established  empirically  through  stack  testing.  At  a  given  industrial  loca¬ 
tion  the  diameter  of  the  stack  and  thus  the  optical  path  length,  L,  would  be 
known  and  a  constant.  Thus  the  expression  relating  optical  density  and  mass 
coir, filtration  may  he  written  as: 


[)  =  mC  (8) 

where  m  is  a  proportionality  constant  and  represents  the  slope  of  a  straight 
1 ine  rel ating  D  wi th  C. 

In  order  to  establish  this  empirical  relationship  at  a  given  location 
it  is  necessary  to  determine  numerous  data  points  by  stack  sampling  using  an 
approved  sampling  train  and  method,  and  simultaneously  monitor  optical  density 
with  a  transmi ssometer .  Though  one  data  point  could  be  used  to  establish 
this  relationship,  the  confidence  in  the  relationship  would  be  quite  limited. 
To  etablish  a  degree  of  confidence  in  this  optical  density/mass  emission 
relationship  it  is  desirable  to  obtain  a  large  number  of  data  points  over  a 
range  of  emission  concentrations  arid  process  conditions.  With  these  data  it 
is  then  possible  to  perform  a  linear  regression  analysis  to  generate  the 
regression  line  and  the  confidence  limits.  The  transmi ssometer  data  is  time 
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averaged  over  the  pe)  <od  of  a  stack  test  to  determine  a  mean  optical  density 
value  which  is  related  to  the  measured  mass  concentration  value.  The  mass 
concentration  value  is  also  a  composite  of  sampling  for  a  specified  time 
interval  at  specified  locations  across  the  stack  cross-section.  The  first 
assumption  that  is  made  then  is  that  the  average  optical  density  and  mass 
concentration  over  the  sampling  period  {typically  1  to  2  hours  for  a  stack 
test),  adequately  represents  the  stack  conditions  during  that  period.  This 
is  essentially  what  was  done  in  this  study. 

This  type  of  correlation  appears  straightforward .  The  correlation  of 
optical  density  to  mass  emissions  is  valid  as  long  as  the  particle  size 
distribution,  optical  path  length,  and  other  particle  properties  (e.g., 
shape,  composition)  do  not  change  significantly.  These  conditions  are  more 
likely  to  be  fulfilled  tor  sources  with  high  efficiency  control  device,,  and 
where  the  emissions  are  generated  by  a  continuous  process  rather  than  a  cyclic 
or  batch  type  process.  High  efficiency  control  equipment  tend  to  narrow  the 
particle  size  distribution  by  removing  the  larger  particles.  A  continuous 
process  indicates  that  the  methods  and  conditions  of  particle  generation  are 
likely  to  be  fairly  constant,  thus  resulting  in  a  more  consistent  particle 
distribution,  shape,  and  composition.  The  validity  of  an  optical  density/ 
mass  emission  correlation  at  a  single  plant,  is  dependent  on  the  variability 
of  particulate  properties  and  the  process  variations,  lo  extrapolate  the 
data  generated  at  one  plant  to  determine  mass  emissions  from  optical  density 
at  another  plant,  the  particulate  characteristics  and  the  process  must  be 
very  similar  to  the  plant  from  which  the  correlation  was  derived.  Iletween- 
plant  as  well  as  within-plant  variations  in  the  process  and  particle  charac¬ 
teristics  must  be  a  matter  of  concern.  The  correlation  can  be  developed 
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without  knowing  information  on  the  part  if  It*  si/t*  di  st  r  ibul  ion  hut  the  size 
distribution  and  other  scattering  properties  of  the  particles  should  remain 
constant  for  high  correlation  to  be  obtained. 

Stndv  Results:  Optical  Density  vs.  Mass  Emissions 

Table  4  summarizes  the  data  which  JACA  used  in  this  analysis  of 
optical  density  versus  mass  emissions.  Before  discussing  the  study  results 
it  is  necessary  to  explain  some  of  the  parameters  contained  in  Table  4. 

The  main  emphasis  of  this  study  was  to  relate  optical  density  with 
particle  mass  concentrations  as  described  by  equation  8.  JACA  chose  to 
represent  the  mass  emissions  in  terms  of  grains  per  actual  cut) i c  feet  of 
exhaust  gas  (gr/acf),  instead  of  on  a  dry  standard  basis,  the  reduction  of 
the  particulate  data  to  a  dry  standard  basis  artificially  alters  the  concen¬ 
tration  values,  due  to  differences  in  stack  moisture,  temperature,  and 
pressure.  For  example,  two  stacks  may  exhibit  identical  particle  concen¬ 
trations  when  expressed  as  gr/acf.  However,  if  one  stack  has  a  moisture 
content  of  10  percent  by  volume  arid  the  second  has  a  moisture  content  ol  5 
percent  by  volume,  the  first  stack  will  exhibit  a  higher  mass  concentration 
than  the  second,  if  the  moisture  alone  is  removed  from  the  calculation.  The 
mean  spectral  response  of  the  transmi ssometer  is  in  the  range  of  600  to  600 
nrn.  There  are  water  and  carbon  dioxide  absorption  bands  in  the  near  infrared 
region  of  the  light  spectrum  ( i  .e . , ~  1 ,000  to  2,5000  nm).  Large  opacity 
measurement  errors  could  result  for  stack  gases  with  high  humidity  due  to 
the  light  absorption  band  of  water.  However,  measurement  errors  due  to  the 
presence  of  water  and  carbon  dioxide  do  not  present  a  problem  in  this  study, 
because  these  compounds  are  almost  negligible  in  the  exhausts  we  examined. 
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To  compare  trie  average  opacity  or  optical  density  values  obtained  at 
the  Flinchbaugh  forge  shop  to  those  from  the  Trie  press  line  at  the  SAAP,  the 
opacity  values  for  Flinchbaugh  were  corrected  or  reduced  to  an  equivalent 
basis.  This  takes  into  account  the  differences  between  the  stack  diameters 
and  tiie  particle  characteristics  at  the  two  forge  shops.  Corrections  were 
performed  in  accordance  with  the  following  equation: 

Ls«s 

0e  =  1  -  (1  -  0F)Lf“F  (9) 

where  Ue  =  equivalent  average  opacity  recorded  at  Flinchbaugh  relative  i  , 
that  at  the  SAAP 

Up  =  average  opacity  at  Flinchbaugh 

Ls  =  bO  inches,  stack  diameter  at  the  SAAP 

Lp  =  36  inches,  stack  diameter  at  Flinchbaugh 

as  =  0.092b,  an  extinction  coefficient  calculated  from  the  opacity  and 
mass  emission  data  at  the  SAAP 

«P  =  0.J641,  an  extinction  coefficient  calculated  from  the  opacity  and 
mass  emission  data  at  Flinchbaugh 

While  the  corrected  or  equivalent  opacity  values  for  Flinchbaugh  were 
used  in  the  analysis  of  the  total  data  base,  the  uncorrecteci  opacity  values 
were  used  when  only  the  Flinchbaugh  data  was  analyzed.  This  will  be  explain^ 
in  the  following  paragraphs.  The  uncorrected  opacity  values  for  Flinchbaugh 
are  not  listed  in  Table  4. 

The  relationship  between  optical  density  and  total  mass  concentration 
was  established  through  computer  analysis.  Data  was  analyzed  by  the  use  of 
the  Statistical  Analysis  System's  General  Linear  Models  Procedure,  which  is  a 


least,  squares  linear  regression  nude).  Basically,  this  analysis  scheme 
generated  the  "best  tit"  line  passing  through  0,  for  the  data  sets  and  tested 
the  significance  of  the  relationship  between  the  optical  density  and  mass 
concentration  values. 

To  evaluate  the  differences  between  the  Flinchhaugh  and  the  trie  press 
line  data  and  to  determine  if  the  test  methods  may  have  an  affect  on  the 
study  results,  the  total  data  base  contained  in  Table  4,  as  well  as  subsets 
of  the  total  data  base,  were  analyzed.  L  iqtit  different  scenarios  were 
considered  in  the  analysis  scheme.  This  included  an  analysis  of: 

1.  All  data  collected  during  the  study  at  both  the  trie  press  line 
and  the  Flinchhaugh  forge  shop.  Note  that  9  test  runs  were 
invalidated  as  previously  discussed.  This  data  set  consists  of 
48  paired  points,  sets  of  optical  density  and  mass  concentration 
val  ues . 

2.  All  data  at  botfi  forge  shops  where  the  mass  concentration  was 
determined  by  the  in-stack  filter  test  method  (all  IS  data). 

This  data  set  consists  of  35  paired  points. 

3.  Data  collected  at  the  Erie  press  line,  regardless  of  test  method 
(all  Erie  data).  This  data  set  consists  of  37  paired  points. 

4.  Data  collected  at  the  Erie  press  line  where  the  mass  concentra¬ 
tion  was  determined  by  the  in-stack  filter  test  method  (IS  data 
at  Erie).  This  data  set  consists  of  27  paired  points. 

5.  Data  collected  at  the  Flinchhaugh  forge  stiop,  regardless  of  test 
method  and  before  the  opacity  data  was  corrected  or  reduced  to 
the  equivalent  basis  (all  uncorrected  data  at  Flinchhaugh).  This 
data  set  consists  of  11  paired  points. 
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6.  Data  collected  at  the  f  1 1  nchbauyh  forge  shop ,  reyardless  of  test 
method  and  after  the  opacity  data  was  corrected  (all  corrected 
Flinchbaugh  data).  This  data  set  consists  of  11  paired  points. 

7.  Data  collected  at  the  Flinchbaugh  forge  shop,  where  the  mass 
concentrat i on  was  determined  by  the  in-stack  filter  test  method 
and  before  the  opacity  data  was  corrected  (original  IS  data  at 
Flinchbaugh).  This  data  set  consists  of  8  paired  data  points. 

8.  Data  collected  at  the  Flinchbaugh  forge  shop,  where  the  mass 
concentration  was  determined  by  the  in-stack  filter  test  method 
and  after  the  opacity  data  was  corrected  (corroded  IS  data  at 
Flinchbaugh).  This  data  consists  of  8  paired  data  points. 

The  results  of  the  computer  analysis  of  the  eight  data  sets  listed 
above  are  summarized  in  Figures  3  through  18.  For  each  of  the  eight  data 
sets,  two  graphs  were  generated.  These  two  graphs,  for  each  data  set,  are 
plotted  on  a  single  page  for  ease  of  comparison.  The  top  graph  (Figures  3, 
b,  7,  9,  11,  13,  lb,  and  17)  on  each  page  represents  a  scatter  plot  of  the 
particle  concentration  and  optical  density  values  contained  in  the  data  set. 
The  bottom  graph  (Figures  4,  6,  8,  10,  12,  14,  16,  and  18)  on  each  page 
represents  the  best  fit  of  data  in  the  graph  at  the  top  of  the  page  by  a 
least  squares  linear  regression  analysis.  This  linear  model  essentially 
predicts  optical  density  values  from  particle  concentration  values  so  that 
the  best  line  is  constructed,  relating  the  two  variables.  For  these  analy¬ 
ses,  the  best  fit  line  was  forced  to  go  through  tie  origin,  since  it  is 
obvious  that  optical  density  would  be  zero  if  there  were  no  particles  in 
the  stack  at  the  time  of  measurement. 
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F i pure  4.  Linear  Model  -  Particle  Concentration  ( GR/ACF )  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Fiqure  3  by 
a  Least  Squares  Linear  Repression  Analysis 
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Figure  5.  Scatter  Plot  -  Particle  Concentration  (GR/ACF)  vs.  Optical 

Density:  Represents  All  Data  at  Both  Forqe  Shops  Where  Mass 
Concentration  Was  Determined  by  the  In-Stack  Filter  Test  Method 
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Figure  6.  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Figure  5  by  a 
Least  Squres  Linear  Regression  Analysis 
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PARI  K:  *  CONUNIRAIIOS  (GR/AO) 

Figure  7  Scatter  Plot  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  All  Data  Collected  at  the  Erie  Press 
Line,  Regardless  of  Test  Method 
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Figure  8.  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Figure  7  by  a 
Least  Squares  Linear  Regression  Analysis 
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Figure  9.  Scatter  Plot  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  Data  Collected  at  the  Erie  Press  Line 
Where  Mass  Concentration  Was  Determined  by  the  In-Stack 
Fi Iter  Test  Method 
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Figure  10.  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Fiqure  9  by  a 
Least  Squares  Linear  Regression  Analysis 
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Figure  11:  Scatter  Plot  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  Data  Collected  at  Flinchbaugh,  Regard¬ 
less  of  Test  Method  and  Before  the  Opacity  Data  Was  Corrected 
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Figure  12:  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Figure  11  by  a 
Least  Squares  Linear  Regression  Analysis 
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gure  13.  Scatter  Plot  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  Data  Collected  at  Flinchbaugh,  Regard¬ 
less  of  Test  Method  and  After  the  Opacity  Data  Was  Corrected 
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Figure  14.  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Otuical 
Density:  Represents  the  Best  Fit  of  Data  in  Figure  13  by 
a  Least  Squares  Linear  Regression  Analysis 
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PAKliClL  IONOMRAUON  (GR/ACF) 

Figure  15.  Scatter  Plot  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  Data  Collected  at  Flinchbaugh  Where 
Mass  Concentration  Was  Determined  by  the  In-Stack  Filter 
Test  Method  and  Before  the  Opacity  Data  Was  Corrected 
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Fiqure  16.  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Fiqure  15  by  a 
Least  Squares  Linear  Regression  Analysis 
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rigure  17.  Scatter  Plot  -  Particle  Concentration  ( GR/ACF)  vs.  Optical 
Density:  Represents  Data  Collected  at  Flinchbaugh  Where 
Mass  Concentrati on  Was  Determined  by  the  In-Stack  Filter  Test. 
Method  and  After  the  Opacity  Data  Was  Corrected 
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Figure  18.  Linear  Model  -  Particle  Concentration  (GR/ACF)  vs.  Optical 
Density:  Represents  the  Best  Fit  of  Data  in  Figure  17  by  a 
Least  Squares  Linear  Regression  Analysis 
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Before  proceeding  with  this  discussion,  it  is  important  to  clarify 
several  aspects  of  the  sixteen  figures.  The  optical  density  scales  for  the 
top  and  bottom  graphs  on  each  page  are  not  identical.  The  bottom  graph  has 
art  expanded  optical  density  scale  over  the  scale  of  the  top  graph.  This 
expanded  optical  density  scale  results  because  the  predicted  optical  density 
values  cover  a  wider  range  than  the  observed  values  (based  on  the  measured 
partis  le  concentrat ions) .  Another  item  of  importance  is  observed  when  the 
graphs  of  the  FI inchbaugh  data  are  compared  to  the  graphs  of  the  total  data 
base  and  the  data  from  the  Erie  press  line.  It  would  appear  from  the  scatter 
plots  that  the  FI inchbaugh  data  does  not  exhibit  a  good  correlation  between 
particle  concentrat  ion  and  optical  density  (Figures  11,  13,  15,  and  17). 
However,  these  scatter  plots  are  deceiving  because  the  optical  density  and 
particle  concentrat ion  scales  cover  such  a  narrow  range,  as  compared  to 
Figure'  3  for  example.  The  FI  inchbaugh  data  are  confined  to  relatively  low 
values  of  optical  density  and  particle  concentration,  when  compared  to  the 
data  generated  at  the  Erie  press  line.  Actually,  the  FI inchbaugh  data  shows 
less  variability  than  the  Trie  press  line  data,  and  the  data  points  for 
FI  inchbaugh  are  closely  grouped. 

For  all  eight  data  sets  which  were  analyzed,  the  results  indicate  that 
there  is  a  strong  correlation  between  particle  concentration  and  optical 
density.  This  correlation  is  supported  by  the  statistical  parameters  con¬ 
tained  in  Table  5.  All  data  sets  yield  calculated  t  statistics  which  are 
greater  than  10  (range  of  11.66  to  16.96);  this  is  at  a  95  percent  confidence 
level  (0.05  level  of  significance)  and  for  n  -  1  degrees  of  freedom.  The 
corresponding  t  statistics  from  statistical  tables  are  2.3  or  less  (range  of 
P. 013  to  3.306).  these  statistics  verify  that  the  slopes  of  the  regression 


Table  5 


STATISTICAL  PARAMETERS  FOR  THE  EIGHT  DATA  SETS  ANALYZED 


t  Statistic* 

t  Statistic* 

r2 

(Coefficient  ot 

r 

(Coeff icient 
of 

Data  SeL 

n 

Slope 

(Calcul ated) 

(From  Tables) 

Determination) 

Correl at i on 

A 1 1  data 

48 

3.49 

14.98 

2.013 

0.83 

0.91 

A1 1  IS  data 

35 

3.64 

13.48 

2.031 

0.84 

0.92 

A1 1  data  at 
Erie 

37 

3.47 

12.98 

2.027 

0.82 

0.91 

IS  data  at 

Erie 

27 

3.62 

11.66 

2.052 

0.84 

0 . 92 

A1 1  data  at 

FI  inchbuuyh 
(uncorrected) 

11 

5.79 

18.23 

2.201 

0.9/ 

0 . 98 

All  data  at 

FI  irichbaiKih 
(corrected) 

11 

4.54 

18.20 

2.201 

0.9/ 

0.98 

IS  data  at 

F 1  i nchbanyh 
( uncorrected ) 

8 

5.79 

16.95 

2.306 

0.93 

0.96 

IS  data  at 

F 1  inchbauijh 
(corrected) 

8 

4.54 

16.96 

2.306 

0.98 

0.99 

♦These  values 

are  1 

for  n  - 

1  degrees  of 

freedom  and  a  level  of  significance  of  0.05 

(95%  confidence  level). 
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lines  which  describe  the  reldlionship  between  particle  concentration  and 
optical  density  are  significantly  different  than  zero  in  all  cases. 

A  measure  of  the  degree  of  association  between  particle  concentration 
and  optical  density  is  the  coefficient  of  determination  or  r?.  Basi¬ 
cally,  tiie  coefficient  of  ae  term  in  at  ion  is  a  measure  of  the  uncertainty 
in  predicting  the  dependent  variable,  optical  density.  The  closer  r<-  is  to 
1,  the  greater  is  said  to  be  tfie  association  between  optical  density  and 
particle  concentration.  As  seen  from  Table  S,  the  r2  values  are  all 
greater  than  0.8  (range  of  0.82  to  0.98).  This  illustrates  a  high  degree  of 
association  between  the  two  variables.  Ari  interpretation  of  r2  values  is 
that  they  indicate  the  proportional  reduction  in  the  variability  of  the 
dependent,  variable  attained  by  the  use  of  information  about  the  independent 
variable.  For  example,  a  coefficient  of  determination  of  0.S3,  indicates 
that  83  percent  of  the  variation  of  optical  density  can  be  explained  by  ttie 
variation  of  particle  concentration.  The  other  17  percent  of  the  variation 
between  the  two  variables  must  be  explained  by  other  factors  such  as  particle 
si/e  distribution,  composition,  shape,  etc.  It  is  obvious,  then,  that  there 
is  a  high  degree  of  correlation  between  particle  concentration  and  optical 
dens i ty . 

The  relationship  between  particle  concent  rat  ion  and  optical  density  is 
defined  by  the  slope  of  the  regression  line  as  illustrated  by  equation  8. 
Table  b  lists  the  slopes  of  the  regression  lines  for  the  eight  data  sets 
whn'u  were  analyzed.  The  regression  lines  are  graphically  represented  in 
I i  sires  4,  6,  8,  10,  12,  14,  1C,  and  18.  As  seen  from  these  figures  and 
I.ible  b,  it  appears  that  the  slopes  of  the  regression  lines  for  the  various 
data  sets  are  different  in  most  cases.  Student  t  tests  were  performed  with 
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lines  which  describe  the  relationship  between  particle  concentration  and 
optical  density  are  significantly  different  than  zero  in  all  cases. 


A  nieasore  of  the  degree  of  association  between  particle  concentration 
and  optical  density  is  ttie  coefficient  of  determination  or  r?.  Basi¬ 
cally,  the  coefficient  of  determination  is  a  measure  of  the  uncertainty 
in  predicting  the  dependent  variable,  optical  density.  The  closer  r?  is  to 
1,  the  greater  is  said  to  be  the  association  between  optical  density  and 
particle  concentration.  As  seen  from  Table  b,  the  r2  values  are  all 
greater  than  0.8  (range  of  0.82  to  0.98).  This  illustrates  a  high  degree  of 
association  between  the  two  variables.  An  interpretation  of  r?  values  is 
that  they  indicate  the  proportional  reduction  in  the  variability  of  t he 
dependent  variable  attained  by  the  use  of  information  about  the  independent 
variable.  For  example,  a  coefficient  of  determination  of  0.83,  indicates 
that  83  percent  of  the  variation  of  optical  density  can  be  explained  by  the 
variation  of  particle  concentration.  The  other  17  percent  of  the  variation 
between  the  two  variables  must  be  explained  by  other  factors  such  as  particle 
size  distribution,  composition,  shape,  etc.  It  is  obvious,  then,  that  there 
is  a  high  degree  of  correlation  between  particle  concentration  and  optical 
dens i ty. 

The  relationship  between  particle  concentration  and  optical  density  is 
defined  by  the  slope  of  the  regression  line  as  illustrated  by  equation  8. 
Table  b  lists  the  slopes  of  the  regression  lines  for  the  eight  data  sets 
which  were  analyzed.  The  regression  lines  are  graphically  represented  in 
Figures  4,  6,  8,  10,  12,  14,  1G,  and  18.  As  seen  from  these  figures  and 
Table  b,  it  appears  that  the  slopes  of  the  regression  lines  for  the  various 
data  sets  are  different  in  most  cases.  Student  t  tests  were  performed  with 
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various  pairs  of  data  sots  to  determine  if  the  slopes  of  the  regression  lines 
were  significantly  different  at  the  96  percent  confidence  level.  The  results 
of  the  t  tests  indicated  that  the  differences  between  the  slopes  for  the 
uncorrected  flinchbaugh  data  (slope  -  6. 79)  and  t fie  correct. -d  T '1  i m  hlxuigh 
data  (slope  =  4.64)  were  statistically  significant.  It  wcs  expected  that  the 
uncerrocted  and  corrected  Flinchbaugh  data  would  exhibit  different,  slopes  for 
their  regression  lines,  since  that,  was  the  purpose  of  reducing  the  F I  inohbaugl 
data  to  a  basis  equivalent  to  that  of  the  Erie  press  line  data.  The  adjust¬ 
ment  to  the  opacity  data  for  Flinchbaugh  served  to  reduce  the  slope  of  the 
regression  line,  and  make  the  data  fall  more  in  line  with  ttn-  data  from  the 
Erie  pr  .ss  line. 

Additional  t  tests  showed  that  there  was  no  statistical  significance 
(at  the  95%  confidence  level)  to  the  perceived  dir  f  ort-nr--.  between  fh-  slope' 
of  the  regression  lines  for  the  following  pairs  of  data  sets: 

•  All  data  (slope  =  3.49)  versus  all  data  wh.-rt.  th>-  i,-s!a<k  filter 
was  used  (slope  =  3.64);  calculated  t  statistic  equals  -l!. 944. 

•  All  data  for  Erie  press  (slope  =  3.47)  versus  data  for  the  Erie 
press  where  the  in-stack  filter  was  used  (slope  -=  3.62);  calcu¬ 
lated  t  statistic  equals  -0.8221. 

t  All  corrected  Flinchbaugh  data  (slope  =  4.54)  versus  corrected 
Flinchbaugh  data  where  the  in-stack  filter  was  used  (slope  = 
4.54);  calculated  t  statistic  equals  zero. 

•  All  data  for  Erie  press  (slope  =  3.47)  versus  all  corrected 
Flinchbaugh  data  (slope  =  4.54);  calculated  t  statistic  equals 
-0.666. 
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•  All  data  for  Lrie  press  (slope  -  3.47)  versus  all  uucorrectod 
FI inchbauyh  data  (slope  =  5.79);  calculated  t  statistic  equals 
-1.434. 

At  the  95  percent  confidence  level  and  for  a  two  tailed  test,  the  correspond- 
irii)  t  statistics  from  statistical  tables  for  the  pairs  of  data  sets  listed 
above  are  +?. . 00  or  y router.  Obviously,  the  calculated  t  statistics  are 
within  the  ranye  of  +^2.00,  which  indicates  that  the  differences  between  the 
slopes  are  not  statistically  significant.  The  observed  differences  between 
the  slopes  for  the  pairs  of  data  sets  listed  above  can  be  attributed  to 
sampling  errors  or  sampling  variations. 

The  last  item  in  the  above  listing  indicates  that  there  is  not  a 
statistically  significant  difference  between  the  slopes  of  the  regression 
lines  for  all  data  at  the  Erie  press  line  and  all  uncorrcctcd  FI inchbauyh 
data.  However,  the  t  statistic  is  -1.434,  which  approaches  tiie  critical 
value  of  -2.00.  When  a  student  t  test  is  performed  with  the  in-stack  filter 
data  at  the  Lrie  press  (slope  =  3.62)  and  the  uncorrected  in-stack  filter 
data  at  the  FI inchbauyh  forge  shop  (slope  =  5.79),  the  calculated  t  statistic 
is  -3.331.  There  are  33  degrees  of  freedom  for  this  paired  data  set.  For  a 
two  tailed  test  at  the  95  percent  confidence  level,  the  critical  t  statistic 
from  statistical  tables  is  -2.036.  The  difference  between  the  slopes  of  the 
regression  lines  for  these  two  data  sets  is  statistically  significant  at  the 
95  percent  confidence  level.  Based  ori  this  difference  between  the  slopes,  it 
can  be  concluded  that  the  emission  characteristics  and  the  relationship 
between  particle  concentration  and  optical  density  are  different  for  each  of 
the  two  f orye  shops.  This  conclusion  is  expected,  because  it  was  known  that 


the  stack  diameters  and  process  operating  conditions  were  different  for  the 
two  forye  shops.  Once  the  opacity  data  from  the  N  inchbatiyh  forge  shop  was 
reduced  to  a  basis  equivalent  to  the  Erie  press,  the  difference  between  the 
slopes  of  the  regression  lines  tor  any  data  sets  for  Liu.-  two  forge  shops  is 
not  statistically  significant  at  the  95  percent  confidence  level,  [his 
indicates  that  it  is  not  possible  to  use  the  relationship  between  optical 
density  and  particle  concentration  developed  at  one  forge  shop  for  predictive 
purposes  at  a  second  forge  shop  unless  the  appropriate  adjustments  are  made 
to  the  data  to  account  for  the  differences  between  the  two  shops. 

It  is  difficult  to  assess  the  effect  that  the  various  particulate  test 
methods  had  on  the  study  results,  because  the  majority  of  the  tests  were 
conducted  using  the  in-stack  filter  Lest  method.  Thirty-five  out  of  forty- 
eight  tests  were  conducted  with  the  in-stack  filter.  When  all  data,  regard¬ 
less  of  test  method,  was  considered,  there  was  not  a  signit  icant  difference 
between  the  slopes  of  the  regression  lines  for  the  two  forgo  shops.  However, 
when  only  the  in-stack  filter  test  data  was  considered,  there  was  a  statis¬ 
tically  significant  difference  between  the  slopes.  Ibis  appears  to  suggest 
that  the  particulate  test  method  does  have  an  effect  on  the  study  results. 
None  of  the  other  data  seems  to  suggest  that  the  particulate  test  method 
is  critical.  Intuitively,  one  would  think  that  the  particulate  test  methods 
which  were  used  in  this  study  should  produce  similar  results,  it  the  tests 
were  conducted  properly.  It  is  also  obvious  that  the  sampling  rates  were 
similar  among  ttie  test  methods,  hut  the  size  of  the  instrument  inserted  into 
the  stack  was  different  for  each  of  the  three  test  methods.  Ihe  oelm.in 
impactor  had  the  largest  cross-sectional  area,  the  in-stack  filter  the  next 
largest  and  the  Method  5  probe  the  smallest.  It  is  likely  that  the  exhaust 
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gas  flow  characteristics  around  the  sampling  instrument  may  be  different  for  each 
of  these  sampling  methods;  hence  there  could  be  differences  in  the  test  results. 


Prediction  of  Particle  Concentration  from  Opacity  Data 

Based  on  JACA's  tests  results,  there  is  a  strong  correlation  between 
particle  concentration  and  optical  density  for  the  uncontrolled  exhausts  at. 
the  trie  press  line  of  the  SAAP  and  the  Fl  inchbaugh  forge  shop.  This  rela¬ 
tionship  for  the  Erie  press  line  is  described  by  the  equation: 


D  =  3.49C 


(10) 


where  D  =  optical  density  (expressed  as  a  fraction,  Oy.D;  1) 

C  =  particle  concentration  (gr/acf) 

For  predictive  purposes,  JACA  has  chosen  to  use  the  regression  line 
established  by  the  least  squares  linear  regression  analysis  of  the  total  data 
base,  because  there  is  a  greater  degree  of  confidence  associated  with  the 
greater  number  of  data  points  (48).  Also,  it  was  determined  that  there  was 
not  a  statistically  significant  difference  between  the  slopes  of  the  regres¬ 
sion  lines  for  the  other  subsets  of  the  total  data  base  once  the  corrections 
were  made  to  the  Fl  inchbaugh  opacity  data.  Although  there  may  be  a  concern 
with  the  method  of  determining  particle  concentration,  it  is  thought  that  the 
data  representing  a  combination  of  test  methods  is  more  realistic  because  it 
represents  an  average  situation.  Thus,  equation  10  best  describes  the 
relationship  between  particle  concentration  and  optical  density  at  the  95 
percent  confidence  level  . 


To  estimate  particle  concentration  from  opacity  data,  it  is  necessary 
to  obtain  time  averaged  opacity  or  optical  density  values,  typically  over  a 
one-  to  two-hour  period.  Opacity  should  be  measured  with  a  properly  intalled 
and  calibrated  transmi ssometer  to  ensure  that  the  measurements  are  accurate 
and  consistent.  Because  of  the  cyclic  nature  of  the  forge  shop  emissions,  it 
is  important  to  mini i Lor  opacity  over  a  sufficiently  long  period  of  time  to 
sfiiO  th  out  these  short-term  emission  fluctuations.  However,  it  is  not  appar¬ 
ent  from  JACA's  study  how  monitoring  periods  of  greater  than  one  or  two  hours 
will  affect  the  opacity/mass  emission  relationship.  Once  a  reliable  measure 
of  optical  density  is  obtained,  equation  10  can  be  used  to  predict,  particle 
concentration  values. 

It  should  be  realized  that  particle  concentrations  predicted  from 
equation  10  should  not  be  considered  as  absolute  values.  As  previously 
mentioned,  there  can  be  considerable  variation  of  particle  concentration 
values.  Figure  4  graphically  illustrates  the  relationship  established  by 
equation  10.  The  9b  percent  confidence  limits  establish  the  bounds  of  the 
particle  concentration/optical  density  relationship.  In  essence,  one  can  tie 
9b  percent  sure  that  the  concentration/optical  density  values  will  fall  within 
the  confidence  limits  established  in  Figure  4.  However,  this  is  not  to  say 
that  small  sample  sizes  or  individual  measurements  will  not  be  outside  of  the 
confidence  limits. 

Figure  4  also  shows  that  there  is  greater  confidence  associated  with 
optical  density  values  of  less  than  about  0.10  and  corresponding  particle 
concentrations  of  less  than  about.  0.03  gr/acf .  Hie  confidence  limits  expand 
beyond  these  values.  The  relationship  between  optical  density  and  particle 
concentration  is  more  reliable  for  lower  opacities  and  mass  emissions. 
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At  this  point,  it  is  reasonable  to  use  equation  10  to  predict  particle 
concentrations  from  opacity  data  for  the  exhaust  at  the  Erie  press  line  of 
the  SAAP.  Strictly  speaking,  it  is  apparent  that  this  relationship  will  not 
hold  for  other  forge  shop  exhausts.  Use  of  the  relationship  established  by 
equation  10  at  other  forge  shops  requires  an  analysis  of  the  emission  charac¬ 
teristics  of  the  exhaust  similar  to  this  study.  The  study  results  at  another 
forge  shop  can  then  be  compared  to  the  results  of  JACA's  study  to  determine 
if  the  optical  density/particle  concentration  relationship  is  consistent 
between  forge  shops.  For  example,  the  appropriate  relationship  between 
particle  concentration  and  optical  density  for  the  Flinchbaugh  Forge  shop  is 
D  =  5.79  C.  The  Flinchbaugh  test  results  could  be  used  for  predictive 
purposes  at  the  Erie  press  line  only  after  the  appropriate  corrections  were 
made  to  the  Flinchbaugh  opacity  data. 

However,  for  predictive  estimates  of  particle  concentrat ions ,  the 
empirical  relationship  of  equation  10  could  be  used  at  other  forge  shops 
provided  the  forging  operations  are  similar  in  most  respects  to  the  Erie 
press  line  (e.g.  production  rates,  oil  usage,  type  of  oil,  etc.)  and  the 
diameter  of  the  exhaust  ductwork  is  known.  Opacity  observations  could  be 
made  at  the  outlet  of  the  exhaust  using  EPA  Method  9  procedures.  The  average 
opacity  values  over  one-hour  periods  or  more  could  then  be  corrected  to 
account  for  the  difference  in  stack  diameter  between  a  given  forge  shop 
exhaust  and  the  Erie  press  exhaust.  Once  the  corrected  average  opacity  is 
converted  to  optical  density,  an  estimate  of  particle  concentration  may  be 
obtained  . 
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PARTICLE  SIZE  DISTRIBUTION 

Twelve  particle  sizing  tests  were  conducted  during  this  study,  the 
results  of  which  are  summarized  in  Tables  6  through  16.  Two  particle  sizing 
tests  were  performed  at  the  SAAP  with  a  Brinks  impactor,  while  nine  particle 
sizing  tests  were  conducted  at  the  SAAP  using  a  Gelman  Sciences,  Inc.  cascade 
impactor.  One  particle  sizing  test  was  done  at  the  D inchbauyh  forge  shop 
using  the  Gelman  cascade  impactor. 

The  results  of  the  particle  sizing  tests  were  of  limited  use  because 
of  the  nature  of  the  test  method  or  problems  with  the  analysis  of  the  mater¬ 
ial  collected  in  the  impactors.  As  seen  in  Table  6,  the  Brinks  impactor 
tests  resulted  in  a  large  quantity  of  material  collected  in  the  sampling 
train  (nozzle,  tube,  and  glassware)  prior  to  the  impurtot  .  This  weight  was 
two  to  three  times  the  particulate  weight  in  the  impactor.  The  colled  ion  of 
material  prior  to  the  impactor,  obviously,  would  alter  the  particle  size 
distribution  before  the  material  was  collected  in  the  impactor.  For  this 
reason,  the  Brinks  impactor  test  results  were  considered  not  to  be  represen¬ 
tative  of  the  actual  particle  size  distribution.  The  Gelman  cascade  impactor 
is  inserted  directly  into  the  stack,  while  the  Brinks  impactor  is  housed  in 
the  sample  box,  outside  of  the  stack.  For  this  reason,  the  Gelman  impac! or 
generates  more  reliable  particle  sizing  results,  because  the  only  component 
of  the  sampling  train  prior  to  the  impactor  is  the  nozzle.  However,  there 
are  still  considerable  quantities  of  material  collected  in  the  nozzle,  and  the 
size  distribution  determined  by  the  Gelman  imapetor  is  likely  to  have  been 
altered.  Thus,  the  measured  size  distributions  should  not  he  taken  as 
absolute  distributions,  but  can  be  used  for  comparative  purposes. 


Table  6 


SCRANTON  APP  -  TRIE  PRESS  LINE 
BRINKS  IMPACTOR  PARTICLE  SIZING  DATA 
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0.0431  gr/dscf 


=  0.0305  gr/dscf 


-52- 


CASCADE  IMP ACTOR  PARTICLE  SIZING  DATA* 
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CASCADE  IMP ACTOR  PARTICLE  SIZING  DATA* 


Sampling  Rate  -  0.727  acfm. 


Four  of  the  ten  particle  sizing  tests  using  the  Gelman  impactor  were 
considered  totally  invalid,  because  the  nozzle  and  preiinpactor  washes  were 
combined  when  the  particulate  weights  were  analyzed.  When  the  nozzle  was 
removed  from  the  impactor,  material  from  the  nozzle  dropped  into  the  pre- 
impactor  and  the  washes  were  subsequently  combined.  While  ttiese  tests  were 
not  valid  for  the  purpose  of  particle  sizing,  they  could  be  used  for  deter¬ 
mining  total  particulate  concentration.  Impactor  test  "F"  was  considered 
invalid  for  the  purpose  of  determining  total  concentration  because  the  nozzle 
wash  was  contaminated .  However,  this  did  not  affect  the  particle  sizing 
resul ts. 

Figure  19  graphically  represents  the  particle  size  distributions 
generated  by  the  six  tests  that  were  considered  most  reliable.  This  figure 
illustrates  that  there  are  three  totally  different  particle  size  distribu¬ 
tions.  Paired  tests  A  and  C,  F  and  E,  and  D  and  G  appear  to  have  generated 
similar  size  distributions,  but  the  distributions  between  the  paired  tests 
are  obviously  dissimilar.  It  is  interesting  to  note  the  similarity  between 
the  distributions  for  Test  A  and  Test  C.  Test  A  was  conducted  at  the  Flinch- 
baugh  forge  shop,  while  Test  C  was  conducted  at  the  Eric;  press  line. of  the 
SAAP.  At  times,  there  appear  to  be  similarities  between  the  particle  charac¬ 
teristics  at  the  two  forge  shops. 

It  was  previously  stated  that  more  than  80  percent  of  the  variation  in 
optical  density  may  be  attributed  to  the  variation  in  particle  concentration 
and  that  the  remaining  variation  must  be  attributed  to  other  factors.  Figure 
19  supports  the  premise  that  variations  in  particle  size  distributions  do 
account  for  a  portion  of  the  remaining  variation  between  particle  concentra¬ 
tion  and  optical  density.  The  particle  size  distribution  does  vary  tempor¬ 
ally  as  was  expected. 
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RECOMMENDATION 


Although  this  study  was  concerned  primarily  with  the  Erie  press  line  at 
Scranton  Army  Ammunition  Plant,  the  Information  generated  supports  the  use  of  an 
empirical  relationship  for  other  forge  shop  exhausts.  However,  the  average 
opacity  values  over  periods  of  l  hour  or  more  should  he  corrected  to  account  for 
the  difference  In  stack  diameter  between  a  given  forge  shop  exhaust  and  the  Erie 
press  line  exhaust.  Once  the  corrected  average  opacity  Is  converted  to  optical 
density,  an  estimate  of  particulate  concentration  may  he  obtained. 


-65- 


REFERENCES 


1.  Brennan,  R.  J.,  Richard  Dennis,  and  D.  R.  Roeck.  Review  of  Concurren. 
Mass  Emission  and  Opacity  Measurements  for  Coal-Burning  Utility  and 
Industrial  Boilers,  NTIS  No.  PB80-187420,  March  1980. 

2.  Reisman,  E.,  et  al .  In-Stack  Transmi ssometer  Measurement  of  Particle 
Opacity  and  Mass  Concentration.  NTIS  No.  PB-239864,  Novemher  19/4. 

3.  Hurley,  T.  F.  and  D.  L.  R.  Bailey.  The  Correlation  of  Optical  Density 
with  the  Concentration  and  Composition  of  Smoke  Emitted  from  a  Lancashire 
Boiler,  Journal  of  INST  Fuel,  Vol .  31,  p.  534-540,  1958. 

4.  Pilat,  M.  J.  and  D.  S.  Ensor.  Plume  Opacity  and  Particulate  Mass  Concen¬ 
tration,  Atmospheric  Environment,  4:163  (1970). 

5.  Pilat,  M.  J.  and  D.  S.  Ensor.  Calculation  of  Smoke  Plume  Opacities  from 
Particulate  Air  Pollution  Properties,  Journal  of  Air  Pollution  Control 
Association,  21:496  (1971). 

6.  Dynatron,  Inc.,  Application  Engineering  Handbook,  Copyright  1978. 


^<Ecw>iao  sm i  mjuk-uot  tium> 


-67- 


DISTRIBUTION 


Commander 

U.S.  Army  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-TSS  (5) 

DRDAR-LCU-M  (5) 

Dover,  NJ  07R01 

Administrator 

Defense  Technical  Information  Center 
ATTN:  Accessions  Division  (12) 
Cameron  Station 
Alexandria,  VA  22314 

Director 

U.S.  Army  Materiel  Systems 
Analysis  Activity 
ATTN:  DRXSY-MP 

Aberdeen  Proving  Ground,  MD  21005 

Commander /Director 
Chemical  Systems  Laboratory 
U.S.  Array  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-CLJ-L 
DRDAR-CLB-PA 

APG,  Edgewood  Area,  MD  2 1010 
Director 

Ballistics  Research  Laboratory 
U.S.  Array  Armament  Research 
and  Development  Command 
ATTN:  URDAR-TSR-S 
Aberdeen  Proving  Ground,  MD  21005 

Chief 

Benet  Weapons  Laboratory,  LCWSL 
U.S.  Army  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-LCB-TL 
Watervliet,  NY  121R9 

Commander 

U.S.  Army  Armament  Materiel 
Readiness  Command 
ATTN:  DRSAR-LEP-L 
Rock  Island,  IL  61299 


-69- 


Director 

Industrial  Base  Engineering  Act 
ATTN:  DRXIB-MT  (2) 

Rock  Island,  IL  61299 


